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ial MAN infections produced by staphylococei of high penicillin resistance 
have proved a troublesome therapeutie problem. To date, no antimicrobial 
program has vielded uniformly satisfactory results in sueh infections. Al 
though penicillin is agreed to be the best antibiotic for the management of 
penicillin-susceptible staphylococcal disease, its value in infections eaused by 
penicillin-resistant staphylocoeei is vigorously disputed. 

Most clinical and experimental studies suggest that the drug does not 
significantly alter the course of such mfections.* There are, however, some 
indications that penicillin ean modify penicillin-resistant infections if large 
doses are administered.**  Beeause of the conflicting opinions and the paucity 
of pertinent experimental data on this problem, we are reporting studies on the 
effects of penicillin on an experimental infection in mice caused by a strain of 
Staph yloe OCCUS GUrEUs highly resistant to the aetion of penicillin in vitro. 

These studies show that penicillin can significantly reduee the mortality 
associated with a penicillin-resistant infection under circumstances to be de- 
fined in the body of this report. The dose emploved, the time of initiation of 
therapy, the number of staphylococci present at local sites of infection, and 
certain substances present in body fluids which affeet penicillin aetion appear 
to influence the outcome of treatment. 
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MATERIALS AND METHODS 


Cultures.—Two strains of S. aureus isolated from infeeted humans were used in the 


resent experiments, Both strains were coagulase positive, produced vellow pigment, hemo 


vzed red blood cells, and fermented mannitol, 

Penicillin-resistant Strain AZ was recovered from lung tissue of a patient who died 
with fulminant staphylococcal pneumonia, which developed in’ association with pandemic 
influenza during 1957.9 It was Ivsed by bacteriophages 53/VA4, produced penicillinase,! 
and was broadly resistant to antimicrobial drugs. When antimicrobial-susceptibility tests 
were carried out in beef heart infusion broth using an inoculum of 105° staphyloecee: per 
milliliter, visible growth was inhibited by 1.5 to 3.0 U. per milliliter of penicillin. Bae 
tericidal studies revealed that over 99 per cent of the staphylecoceal inoculum was killed by 
a three- to fivefold increase in the concentration of penicillin needed for bacteriostasis, but 
complete killing could not be attained with as much as 10,000 U. penicillin per milliliter 
When sensitivity tests were conducted with larger inocula similar to those used by Spink,!! 
2,000 to 5,000 UC. penicillin per milliliter was required for bacteriostasis. 

Penicillin-susceptible Strain Wolbeck (WO) was isolated in 1954 from the blood of 
“ patient with bacterial endocarditis. This strain was susceptible to low concentrations 
of all antistaphylococeal antibiotics. Visible growth was inhibited by 0.05 U. per milliliter 
of penicillin. 


Kaperimental Infeetion—Male Swiss albino mice weighing IS to 22 grams were used 


in all experiments. Mice were housed in plastic trays in groups of 10 and were fed mouse 

pellets and water ad libitum. The infecting inoculum was prepared from infusion broth 

cultures incubated for 18 hours at 87° ©.) The bacterial cells were washed and resuspended 

in OSS per cent saline to make two-thirds the original volume. Miee were given 1 to 2 10s 
) 


microorganisms intravenously in 0.2 ml. via a lateral tail vein. The number of staphylococei 


administered in each experiment was checked by pour plate counts at appropriate dilutions. 


Treatment was initiated at different time intervals after infection. Aqueous penieillin 
G or aqueous procaine penicillin G procaine penicillin was used in dosage regimens 
ranging from 4,000 to 100,000 U. per day. The drug was administered subcutaneously in 


a 0.2 ml. volume twice daily for 7 days. Control animals received similar injeetions of 
saline, 

Previous studies have shown that maximum multiplication of staphyloeoce: occurs in 
the kidneys when mice are infected with an intravenous inoculum.*. 12.15 Quantitative kidney 
populations were therefore followed as an appropriate index of the course of the infeetion 


and the influence of treatment. 


Mice were killed at various intervals in groups of 5 to 10 for bacteriologie study. 
Kidneys were removed aseptically and emulsified in a Teflon tissue homogenizer.!+ Penicillin 
was discontinued at least 18 hours prior to death. If less than 72 hours had elapsed sine¢ 
the last injection of penicillin, penicillinase,* 5 U. per milliliter, was added to ground kidney 
suspensions prior to culture. Serial dilutions of the kidney emulsions were made in 0.85 
per cent saline, plated at appropriate dilutions, and ineubated at 387° ©. Colony counts 
vere performed at 24 and 48 hours. When kidney staphylococcal populations were less than 
102 microorganisms per milliliter, several individual colonies were examined by bacteriophage 
typing to insure that the microorganisms recovered from the kidney were the original 


infecting strain. 


Determination of Scrum Penicillin Levels.—Serum penicillin levels were studied = in 
groups of uninfected mice receiving different penicillin regimens twice daily for 3 days. 
Fifteen minutes to 18 hours after the last injeetion of penicillin, blood from 3 to 5 mice was 
pooled and allowed to clot at room temperature. Serum was removed and serially diluted 
in infusion broth. Penicillin levels were determined using a staphylococcus sensitive to 


0.05 U. per milliliter of penicillin as the test microorganism. 


*Penicillinase for these studies was supplied by Schenlabs Pharmaceuticals, Inc., New 
York N \ 
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Studies of in Vitro Bactcriostasis.—Strains AZ and WO were studied under different 
conditions in vitro to determine the effects of body fluids and/or the size of the inoeulum 


On perme lin susceptibil tv. Beef heart infusion In th, infusion broth w th 2 to 10 per eent 


mouse, rabbit, or human serum, and infus:on broth with 2 to 10 per cent rabbit or human 
plasmin oO defibrinated blood were used in these expel ments, The number of staphylococci 
used in the test system was varied from 10+ to 10% microorgan’sms per milliliter,  Bae- 


teriostat.e end points were determined by macroscopic observation after 18 hours’ ineubation 


EXPER! MENTAL 


Course of the Untreated Experimental Infection.—Both  staphylococeal 
strains produced a similar infection, although the penicillin-resistant Strain AZ 
consistently pursued a swifter course with higher mortality rates. In 11 ex- 
periments, total mortality in mice infected with the penicillin-resistant strain 
ranged from SO to 100 per cent in 14 days; only 4 of 117 untreated control 
nice survived the experimental period. Strain WO > produced a more slowly 
progressive infection. In 4+ experiments, from 40 to 90 per cent of animals 
died within 14 days of inoculation. The gross mortality accompanying each 
infection is shown in Fig. 1. Pathologie studies revealed similar gross and 
microscopic changes following infection with either strain. Macroseopie renal 
abscesses were evident within 48 to 72 hours, and kidney lesions progressed 
throughout the experimental period. Femoral osteomyelitis and paraspinal 
abscesses were noted in many mice which survived longer than 7 days, but 


other abnormalities were not observed with ans CONSISTENEY, 
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Early treatment: When penicillin treatment was started within 4+ hours 
after infection, each of the treatment schedules emploved produced some pro- 


ongation of survival and reduction in gross mortality rates. As noted in Fig. 2 
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survival appeared to be related direetly to the amount 


of penicillin) admin 
istered. In mice receiving 4,000 to LO,000 


aqueous or procaine pemlenlin 
daily, death was delayed, but at least 75 per cent of the mice in each group 
eventually died during the experimental period, in which all of the untreates 
animals died. The administration of 40,000 0 


procaine penicillin or 100,000 
aqueous penicillin reduced the mortality te OO per cent and 2 
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time of initiation of therapy on the mortality resulting fron 
infection with penicillin-resistant strain AZ Procaine penicillin was started 4, 24, or 48 hour 
after infection and was continued for 7 days 
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Delayed treatment: When treatment was delaved for 24 or 48 hours after 
the initiation of infection, the beneficial effeets of penicillin were markedly 
reduced. Survival rates varied from 0 to 25 per cent and did not correlate 
vell with the amount of penieidlin administered. 

The influence of the time of initiation of treatment on subsequent mor 
tality is graphieally portrayed in Fig. 3. whieh includes results obtained in 
( similar individual experiments. As noted here, the administration of 2,000 0, 
prencar dan penieiiin $f hours after infection produced a sienifieant delay in the 
time of death, Nevertheless, s1 per cent of the mice died of the infeetion 
during the 2 week period as did 94 per cent of the untreated controls. When 
treatment was delayed for 24 hours, 2,000 CU. penicillin twiee daily produced 
no detectable alteration in the course of the infection. 

Although 20,000) | procaine penicillin reduced the 14 day mortality to 
30 per cent when treatment was started 4 hours after infection, the same dose 
administered 24 to 48 hours after infection produced only a delay in death, 
vith SL per cent of animals eventually dying during the 14 day period. 

The total mortality in all 380 day experiments is summarized in Table 1. 
Onilvw Loft LOT untreated controls survived the 30 day period. In animals re- 
COlyvine earls treatment. survival rates ranged from 53 to 75 per cent and Welt 
vell correlated with the amount of penicillin administered. When treatment 
was initiated at 4 hours, at least 45 per cent of mice receiving 20,000 UC. or 
nore aqueous or proeaine penicillin twice daily survived. In contrast, pro- 
onged survival was Uncommon in animals receiving delaved treatment regard 
ess of the dosage employed, although death was often significantly delayed. 
Thus both the dose emploved and the time at which therapy was initiated had 
u slenificeant effeet on the outcome of the penieiiin resistant staph vlocoeea| 


nfeetion, 


The Ie thee f of Pi nie lin on Vortality Produc ed hy Pr nu Wlin-Ne nsitres 
Strain WO.—-The penicillin treatment of the infection produced by penicillin- 
sensitive Strain WO > produced a different result. Deaths were virtually elim- 


inated by the administration of 2.000 or 20,000 UT. procaine penicillin twies 


Panie |. Erreers oF THE PENICILLIN DOSE EMPLOYED AND THE TIME OF INITIATION 
TREATMENT ON THE 30 DAY SURVIVAL OF Mice INFECTED WITH 
PENICILLIN-RESISTANT STAPHYLOCOCCUS AZ 


TIME POSTINFECTION PENICILLIN 
rTREATMENT WAS INITIATED 


$f HOUKS 24 HOURS 
PENICILLIN ADMINISTERED SURVIVORS: SURVIVORS: 
PREPARATION U. INJECTED NO. INFECTED NO. INFECTED 
Control 0 1:107 
Proenine 2,000 BE 0:32 
\queous 2,000 #:10 1:10 
Procaine 9,000 3:22 L2k2 
\queous 9,000 332 5242 
Proenine P0000 Q-?(0) 0:20 
Proecaine 40,000 6:9 
Aqueous 50,000 13:15 3315 


*This dose of penicillin was given twice daily for 7 days 
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daily. Furthermore, the time at which therapy was started no longer appeared 
critical. Withholding therapy for 24 hours did not reduce the effectiveness 
of penicillin in this experimental system. These findings, depieted in Fig. 4, 
stand in striking contrast to the results obtained with penicillin-resistant 
Strain AZ. 

Serum Concentrations of Penicillin Obtained in Mice Receiving Various 
Penicillin Dosage Schedules.—The serum penicillin levels resulting from the 
administration of various doses of penicillin are summarized in Table Il. Peak 
levels achieved with 2,000 to 10,000 U. procaine penicillin ranged from 6.4 to 
20.5 U. per milliliter and diminished rapidly over a 6 hour period. Increase 
in the dosage to 20,000 to 40,000 U. produced high blood concentrations ranging 
from 128 to 410 U. per milliliter which persisted at high levels for at least 
4 hours. 
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Fig. 4.—Effect of penicillin on mortality produced by the intravenous injection of 1 to 2 
10° staphylococci of penicillin-sensitive Strain WO. Procaine penicillin was started 4 or 24 
hours after infection and was continued for 7 days. 


Aqueous penicillin produeed higher peak levels which were poorly sus- 
tained. When 2,000 U. aqueous penicillin was administered, peak blood 
concentration of 6.4 U. per milliliter was obtained. Increase in the dose to 
»,000 or 20,000 U. resulted in peak concentrations of 128 to 512 U. per milliliter 
vhich fell rapidly over a 4 hour period. Further increase in the dosage to 
90,000 U. produced blood levels of 1,024 U. per milliliter which remained high 
t the end of 2 hours. 

Subsequent studies were designed to shed light on possible reasons for 


he striking differences in the response of these 2 infections to penicillin treat- 
lent. 


Studies on the Course of the Renal Infection—The differences in gross 
iortality which followed untreated infection with Strains AZ and WO suggested 
hat differences in the speed of multiplication of staphylococci residing within 
he kidneys (and thus the height of tissue titers at the time penicillin treatment 
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was initiated) might influence the outcome of treatment. Consequently, studies 
on the course of the staphylococcal infection within the kidneys were earried 
out in groups of animals infected with each strain. 

With both infections the growth of staphyloeocci within kidney tissues 
appeared similar in rate and progression. Four hours after the initiation of 


infection kidney populations ranged from 10* to 3 10° microorganisms per 
kidney with either infection. Over the first 4 days kidney titers rose pro- 
gressively, attaining stationary microbial populations ranging from 2 10' 


to 2.4 x 10° with both staphylococcal strains. At this time gross renal abscesses 
were evident in both groups. These studies are presented in Fig. 5. 
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Fig. 5 Kidney staphylococcal populations obtained in untreated mice 4 and 24 hours after 
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Fig. 6.—Effect of penicillin on kidney staphylococcal populations of penicillin-resistar 
Strain AZ Treatment was initiated 4 or 24 hours postinfection with 20,000 U. procaine per 
cillin administered twice daily and continued for 7 days. 
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These observations suggested that differences in speed of multiplication 
within the kidneys could not adequately explain differences in the outeome of 
therapy. 

Studies on kidney populations of staphylococci were also performed in 
mice receiving penicillin treatment. The findings in mice infected with the 
penieillin-resistant Strain AZ, receiving 40,000 U. proeaine penicillin daily, 
are recorded in Fie. 6. As noted here, kidney tissue titers of staphyvlococei were 
not notably influenced by penicillin treatment started 24 hours after infection. 
In all animals receiving delaved treatment, renal tissue titers were greater 
than 10° microorganisms per kidney 3 to 4 days after infection. By the eighth 
day of therapy, 50 per cent of this group had died, and the staphylococcus 
count in the survivors was higher than 10° staphyvlococei per kidney. 

When therapy was initiated 4 hours after infeetion, marked variations 
in the subsequent kidney populations of Strain AZ were apparent. As shown 
in Fig. 6, some animals had kidney tissue titers indistinguishable from those 
cbserved in untreated controls. However, the majority of animals showed a 
marked reduction in culturable staphylococci, and the kidneys of 16 of 53 
animals were without culturable microorganisms 7 to 29 days after the initiation 
of infeetion. 
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ministered twice daily starting 4 or 24 hours after infection in the doses noted and was 


ntinued for 7 days. Mice were killed 14 to 35 days after infection. 
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Studies were also performed on the kidney populations of infeeted mice 
which survived various treatment programs. Studies on survivors of the 
penicillin-resistant infection are presented in Fig. 7. Again marked variations 
in the renal infection were noted. In general, surviving animals which reeeived 
treatment initiated 24 hours after infection had higher numbers of staphyvlococei 
remaining in the kidneys than did those receiving immediate treatment. <A 
gross correlation could also be made between the amounts of penicillin ad- 


ministered and the effect on the kidney infection. Those animals reeeiving 
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Fig. 8.—Kidney staphylococcal populations in mice surviving intravenous infection with 
1 to 2 x 10% penicillin-sensitive staphylococci, Strain WO. Procaine penicillin was administered 
twice daily starting 4 or 24 hours after infection in the doses noted and was continued for 7 
days. Mice were killed 14 days after infection. 

the largest amounts of penicillin, i.e., 20,000 to 50,000 U. penicillin twice 
daily, more commonly had kidneys without gross lesions or culturable staphylo- 
eoeci. Thus only 3 of 13, or 23 per cent, of animals receiving immediate 
treatment with 2,000 to 5,000 U. penicillin had sterile kidneys 14 to 35 days 
after infection. However, 27 of 54 survivors, or 50 per cent, of animals re- 
eeiving 20,000 to 50,000 U. daily 4 hours after infection had no detectabl 
staphylococci in their kidneys at autopsy. 

Results obtained in animals infeeted with penicillin-sensitive Strain WO 
are depicted in Fig. 8. Control animals surviving the experimental period had 
evidence of persisting renal infection. Animals receiving penicillin showed 
virtual eradication of the kidney infection regardless of the dose employe: 
or the time at which treatment was initiated. 
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These studies on kidney populations agreed well with studies on gross 
mortality. The penicillin-resistant Strain AZ was not eradicated in the small 
number of survivors whose treatment was begun 24 hours after infection. 
More animals survived when penicillin was started 4 hours after infection, and 
many of these animals had significantly reduced renal infection. Eradication 
of renal infection was noted more commonly in the miee given the largest 
amounts of penicillin. 


SENSITIVITY OF STAPHYLOCOCCAL STRAINS TO 
PENICILLIN IN BROTH AND 5% SERUM 
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Fig. 9.—Effect of inoculum size and the presence of mouse, rabbit, or human serum on 
* amount of penicillin required for inhibition of penicillin-resistant Strain AZ and penicillin- 
nsitive Strain WO. 
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In contrast, in animals infeeted with the penicillin-sensitive strain the 
renal infeetion was markedly redueed or eradicated, regardless of the dose 


employed or the time at which treatment was instituted. 


Studies on the Penicillin Resistance of Strain AZ Reisolated From Infected 
Mice.—Beeause of the evidence that renal infection persisted in the majority of 
animals infected with Strain AZ despite regimens resulting in high penicillin 
blood levels, the possibility that the penicillin-resistant Strain AZ had changed 
in penicillin-suseeptibility during the course of infection was explored. 

Staphyvlococei of Strain AZ were reisolated from the kidneys of untreated 
and treated mice one to 7 days after the initiation of infection. Bacteriophage 
studies showed that such staphylococei had a phage lysis pattern and penicillin 
sensitivity identieal with the original infecting inoeulum. There was, therefore, 
no evidence that inereasing resistance to penicillin oceurring during in-vivo 
residence or durine the course of therapy could aecount for the delaved treat- 
ment failures, 

Studics on the Re lationship of the Size of Staph yloe oceal Populations to 
Penicillin Resistance.—That the inereasing numbers of staphylococci present 
in the kidney might affeet the loeal penicillin susceptibility of the penicillin- 
resistant strain was studied in vitro with the use of increasing numbers of 
staphylococei of either strain as test inocula. An inoeulum of the penicillinase- 
producing Strain AZ similar to that present in the kidneys at 4 hours (10° 
microorganisms per milliliter) required 1.5 to 3 U. penicillin for inhibition 
when beef heart infusion broth was used as the test medium. Inerease in the 
size of the inoculum to 10° staphylococci per milliliter resulted in an inereas 
in penicillin resistance so that 25 to 50 U. per milliliter of penicillin was re- 
quired for inhibition. A further tenfold inerease in inoculum to 10° micro 
organsims per milliliter increased the amount of penicillin needed for 
hacteriostasis to 250 to 500 U. per milliliter. These inocula (10° to 10 
microorganisms per milliliter) were similar to the numbers of staphyvlococei 
obtained from the kidneys of untreated mice 24 hours after infection. When 
10° staphylococei per milliliter were used, the coneentration of penicillin 
required for inhibition was 2,500 to 5,000 U. per milliliter. 

This linear increase in the amounts of penicillin necessary to produce 
inhibition of increasing numbers of penicillin-resistant staphylococci was not 
noted with the penicillin-sensitive Strain WO. This strain was inhibited by 
0.05 U. per milliliter regardless of inoculum size between the ranges of 10* and 
10° staphylococci per milliliter. These findings are summarized in Fig. 9. 

There was, therefore, in vitro evidence to indicate that the size of the 
staphylococcal population in areas of infection might profoundly influenc: 
the penicillin susceptibility of the penicillin-resistant strain but not the 
penicillin-sensitive strain used in these studies. 

The Effect of Serum, Plasma, and Defibrinated Blood on the Penicillin 
Susceptibility of Staphylococcit.—The possibility that facters present in bod) 
fluids might alter the in vivo penicillin susceptibility of the strains unde 
study was also investigated. These studies are pictured in Fig. 9. 
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As noted in Fig. 9, incorporation of mouse, rabbit, or human serum in 
the test system resulted in a significant rise in the penicillin resistanee of 
Strain AZ. Five to 20 times more penicillin was required to produce bacteri- 
ostasis In such systems over the entire range of inocula tested. These findings 
were also obtained bv the use of defibrinated whole blood or plasma from 
rabbits and humans. 


In sharp contrast, no sueh increase in penicillin resistance was noted when 
penicillin-sensitive Strain WO was tested in the presence of serum or plasma. 
At each inoculum size from 10! to 10° per milliliter the bacteriostatic level 
remained 0.05 U. per milliliter regardless of whether plain infusion broth or 
2 to 10 per cent serum, plasma, or defibrinated blood was used. These results 
suggested that substances present in blood might augment the penicillin’ re- 
sistance of penicillin-resistant but not penicillin-sensitive strains of staphy- 


lococel present in tissues, 
DISCUSSION 


The present study indicates that the administration of penicillin ean 
significantly alter the course of an experimental mouse infection produced by 
the intravenous injection of large numbers of penicillin-resistant staphylocoeei. 
A marked reduction in mortality was obtained when large doses of penicillin 
were administered soon after the initiation of infection. The majority of the 
survivors showed a significant reduction in the number of culturable staphy- 
lococci present in the kidneys at autopsy. The protective effects of penicillin 
were strikingly diminished when small doses of penicillin were given or when 
treatment was delayed for 24 hours. Under these circumstances survival was 
prolonged, but over-all mortality was not significantly modified, and pro- 
gressive renal infeetion was observed. 

In contrast, the time of administration and the dose of penicillin emploved 
did not appear of eritieal importance in the treatment of a similar infection 
in miee produced with a penicillin-susceptible strain of staphylococci. Virtually 
all treated animals infected with the penicillin-sensitive strain survived whether 
treatment was started 4 or 24 hours after infection. Macroscopic kidney lesions 
did not develop in either the immediate or delayed treatment group, and 
staphylococci were rarely recovered from the kidneys of treated survivors. 

This striking dependence of the outcome of the drug-resistant infection 
on the timing of penicillin treatment and the dose employed was subjected to 
further analysis. Possible explanations for the diminished effectiveness of 
lelaved treatment considered in the present study can be summarized as 
‘ollows: 


1. Did the number of staphylococci present within the hidneys at the 
mset of treatment determine the outcome of therapy? In vitro populations 
‘f the penicillin-resistant staphyloeoceus similar to the populations present in 
‘idneys 4+ hours after infection were shown to be susceptible to concentrations 
it penicillin readily approachable in vivo. However, the numbers of staphy- 


woeei found in mouse kidneys 24 hours after infection required enormous 
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amounts of penicillin for bacteriostasis when studied in in vitro systems. These 
penicillin concentrations could not be attained in vivo with any regularity with 
the doses emploved, 

In contrast, no such change in in vitro resistance was associated with 
changes in the size of the inocula of the penicillin-sensitive strain. This strain 
remained susceptible to small amounts of penicillin regardless of the size of 
the population tested. 

It is well established that the degree of penicillin resistance of penicillinase- 
producing staphylococci is directly related to the numbers of staphylococci 
present in the test svstem.'*'* It seems probable that the greater drug resistance 
of large numbers of staphylococei is related to the increased penicillinase pro- 
duction of such populations. Larger tissue populations may also be eapable 
of inaetivating larger amounts of penieillin. 

2. Do substances in tissues or body fluids affect the penicillin susceptibility 
of drug-resistant staphylococci? The observation that a substance or substances 
present in blood and serum enhaneed the apparent penicillin resistanee of the 
penicillin-resistant strain may offer at least a partial explanation for the large 
doses of drug necessary to modify the infection, and for the poor response to de- 
laved penicillin treatment. When serum or defibrinated blood from mice, rabinis, 
or humans was added to the in vitro test system, a five- to twentyfold increase 
in penicillin concentrations was necessary to inhibit the growth of the penicillin- 
resistant staphylococcus. That this phenomenon did not represent simple protein 
binding of penicillin was suggested by the facet that the penicillin-susceptible 
strain showed no such change in sensitivity in similar systems. Furthermore, 
such enhancement of penicillin resistance could be obtained with serum eon- 
centrations well below the levels at which significant protein binding has been 
demonstrated.'* Reeent studies by Prohaska and Zisehka'’® have also indieated 
that substances in blood augment resistance to penicillin by enhaneing both 
intracellular and extracellular penicillinase. 


») 


3. Did the penicillin-resistant staphylococci become increasingly imsuscep 
tible to penicillin action during 24 hours of growth in the animal body? Staphy- 
lococei of Strain AZ reisolated from kidney tissues of untreated infeeted mic 
were identical with the infecting strain in penicillin susceptibility regardless of 
the duration of the infection. Furthermore, staphylococci reisolated from ani 
mals receiving noneradicative treatment programs showed no detectable differ 
enees in penicillin resistance. Thus it seems probable that changes in thi 
resistance of the infecting strain during residence in mouse tissues did not 
play a role in the differences in outcome noted. 

4. Did penicillin fail to reach microorganisms residing in early focal lesions 
present in the kidneys 24 hours after infection was initiated? There is nov 
considerable evidence to suggest that this is not the ease. The studies o 
MeCune,*” Darnell, Pesch, and Glaser,*? and Watson? have established tha 
penicillin rapidly passes into experimental abseesslike cavities and through fibrin 
barriers. 

If failure of drug to reach the site of infection played a significant rol: 
the outcome of both penicillin-suseeptible and penicillin-resistant infection mig! 
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be expected to be affected similarly when treatment was delayed, in view of 
the similar progression of both untreated infections in mice. In the present 
studies only the outcome of the penicillin-resistant infection was compromised 
by delaved treatment. Mortality associated with the penicillin-susceptible in- 
fection was eliminated with delaved penicillin therapy. 


Dd. Could the increasing age of the bacteria and large tissue 


populations 
of staphylococet have resulted in cessation of growth of the 


focalized micro- 
organisms, thus decreasing the killing power of penicillin? In vitro studies 
indicate that penicillin fails to kill penicillin-sensitive streptococe: and pneumo- 
cocei if the antibiotic is added after maximal growth has been achieved.?* ** 
Reeent studies in our laboratory suggest that staphylococci behave in a similar 
manner, and that such physiologic insusceptibility to penicillin ean be reversed 
by procedures increasing the metabolic activity of drug-sensitive bacterial cells 
at peak populations.! These in vitro observations are supported by the in vivo 
studies of Eagle?* and Wood and Smith***° which demonstrate that tissue 
populations of streptococci or pneumococci which have attained maximum titers 
are not destroyed by penicillin, despite the exquisite in vitro susceptibility of 
small numbers of these microorganisms during active growth. 

Certain aspects of the present study suggest that this type of physiologic 
drug insuseeptibility, characteristic of maximal bacterial populations, probably 
played a relatively minor role in the poor results obtained with delayed treat- 
ment of the penicillin-resistant infection. In the current experiments, logarith- 
mie growth of kidney populations continued for at least 24 to 48 hours after 
delaved treatment was initiated. Furthermore, sueh a mechanism should have 
affected the behavior of the penicillin-sensitive staphylococcal infection in a 
similar manner in view of the similar rates of multiplication of both strains of 
staphylococci within the kidneys. In the present experiments drug-sensitive 
staphylococci were rapidly eliminated from the kidney by delayed treatment 
despite renal populations equal to those present in the kidneys of animals 
infected with the drug-resistant strain. 

Of the possibilities explored in the current study, the diminished effective- 
ness of delayed treatment of this drug-resistant staphylococcus infection seems 
hest explained by two faetors: the ability of large tissue populations of 
penicillin-resistant staphylococci to inactivate increasing amounts of penicillin, 
and the significant enhancement of in vivo drug resistance by a substance or 
substanees present in serum and blood. Changes in the penicillin susceptibility 
of the staphyloecoeeal strain in vivo, failure of penicillin penetration into loeal 
esions, or inereasing physiologic insusceptibility of aging staphylococci in loca! 
foci of infection probably had little or no effect on the results observed. 

Whether these experimental observations can be applied to the problems 
ivising in the treatment of penicillin-resistant staphylococeal infeetions in man 
s problematical. Nevertheless, certain features of the current 


studies bear 
mphasis. 


First, the serum penicillin concentrations obtained in mice can be attained 
tn man with massive doses of penicillin.27 Second, the present experiments 
ndieate that penicillin can beneficially affect the course of a highly fatal 
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penicillin-resistant staphylococeal infeetion in mice. Third, it is apparent that 
small numbers of penicillin-resistant staphylococci are relatively penicillin 
suseeptible. 

Certain studies already cited?! *' plus studies performed within our own 
laboratory have Jed us to believe that antimicrobial substances probably do not 
significantly modify established loeal abscess lesions, regardless of the in. vitro 
susceptibility of the microorganisms. It has, nevertheless, seemed probable that 
antimicrobial substances may aid the host in the control of foealized infection 
by the prevention of small numbers of bacteria, which eseape loeal lesions, from 
establishing new foci of infeetion. The influenee of penicillin on the present 
experimental infections supports the thesis that small numbers of penieillin- 
resistant staphyvlococei may be affected by penicillin in vive as well as in vitro. 

The present experiments clearly indieate that penicillin does not represent 
ideal treatment of a severe peniecillin-resistant staphylococcal infection. — It 
should be noted, however, that no antimierobial program vet available has 
vielded optimum results in such infeetions. The eurrent studies suggest that 
until a more uniformly satistactory therapy for these difficult infections becomes 
available, massive penicillin therapy may deserve consideration in the early 
treatment of severe staphylococcal infection, even when the strain is suspected 


of being resistant to penicillin. 


SUMMARY 


The administration of large doses of penicillin 4 hours after infection 
significantly reduced mortality in a fatal experimental infection in mice pro- 
duced with a penicillin-resistant strain of staphylococei. Staphylococci were 
eradicated from the kidneys in a significant proportion of survivors. Smaller 
doses of penicillin prolonged survival but did = not significantly reduce the 
over-all mortality or eradicate the renal infeetion. A 24 hour delay in 
the initiation of penicillin therapy markedly diminished the beneficial effeets 
of the antibiotic. 

In sharp contrast, the time of initiation of therapy or the amount of 
penicillin administered did not appear to be of similar importanee in_ the 
treatment of subjeets with infections produced with a penicillin-sensitive strain 
of staphylococci. Even small amounts of penicillin prevented death and no 
staphylococci could be cultured from the kidneys of most survivors, regardless 
of when treatment was instituted. 

The striking reduction in the effeet of penicillin on the penieillin-resistant 
infection when treatment was delayed was subjected to further study. Thi 
increased penicillin resistance of large populations of penicillin-resistant staph- 
ylocoeci and the presence of a substance or substances in blood and serum 
which materially enhanced penicillin resistance appeared to best explain. thi 
treatment failures. 

Changes in staphylocoeeal suseeptibility to penicillin during residence it 
the animal body, lack of penicillin penetration into local lesions, or physiologi: 
insusceptibility of aging staphylococci in local foci probably had little or ni 
effect in the failures occurring with delayed treatment. 
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STUDIES OF THE MECHANISM OF ACTION OF CHLOROTHTAZIDE 
IN CARDIAC AND RENAL DISEASES 


I. Acure Errects ON RENAL AND SystEMIC HEMODYNAMICS AND METABOLISM 


ARCHER P. CrosLey, Jr., M.D.,* Roperr C. CULLEN, M.D., DouGLAS WHITE, 
M.D., Joseru F. FREEMAN, M.D., Cesar A. Castitto, M.D., AND 
GEORGE G. Rowr, M.D. 

Mapison, WI1s. 


HLOROTHIAZIDEt (6-chloro-7 sulfamyl-1,2,4-benzothiadiazine-1, 1-diox- 
C ide) was originally introduced for human use by Beyer,’ on the basis of 
animal studies, as an oral diuretic agent. With this background, investiga- 
tions were initiated in this laboratory to determine the acute effects of this com 
pound on renal and systemie hemodynamics and metabolism in man, The 
results of the latter investigations form the body of this report. Further 
studies were performed as to its acute effects on electrolyte excretion and 
acid-base alterations. The results of the latter observations are presented in 
a subsequent article.” 


METHODS 


All studies were performed on patients who were in a postabsorptive state, and 
who had been selected from the medical wards of the University Hospitals. All ind 
viduals had clinical evidenee of ecardiae and/or renal disease, but 


none were edematous 
kixact diagnoses are given in the tables. 

The basie protocol consisted of the measurement of glomerular filtration rate and 
effective renal plasma and blood flow for three 15 minute periods before (C 
15 minute periods after (E,, E., E,, E, 


, and four 
the acute intravenous injection of chlorothiazide 
The doses of chlorothiazide are given in the tables. Standard clearance techniques 
were employed in this manner in 6 patients. In 1 additional individual the study 
was supplemented with right renal vein catheterization, in order to estimate rena 
metabolism and renal blood flow by the nitrous oxide technique.t In 6 other subject 
the glomerular filtration rate became the prime renal hemodynamic measurement, at 
cardiac output (Fick principle), central venous, and mean arterial blood pressures wert 
determined just prior to the first control period, and again immediately after compl 


tion of the last experimental period (K,). 


All investigations included determinations of urine flow, urinary pH, urine ar 


plasma osmolalities, and electrolyte concentrations. Of the latter, only the urinar 
pH and/or urine flows are included in this paper. 
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The methods employed in this laboratory for the above observations have been 

previously reported.5, 6 
RESULTS 

The results are presented in Tables [I to TIL. 

Within 15 to 30 minutes after the acute intravenous injection of chloro- 
thiazide significant®* reductions were noted in glomerular filtration rate and 
effective renal plasma flow. Such changes were proportional so that filtration 
fraction remained essentially unchanged. Since the hematocrit was also un- 
altered, effective renal blood flow showed a significant decline (Table 1). The 
exception to the above was noted oceasionally in patients during the first ex- 
perimental period (E,), where there was an apparent increase in these fune- 
tions. This is probably accounted for on the basis of an initial ‘‘ washout 
phenomenon’”’ associated with an abrupt and significant rise in urine flow. 

The possibility that the fall in effective renal plasma flow might be related 
to an altered extraction of para-aminohippurie acid (P.A.H.) was excluded 
by right renal vein catheterization in another patient. Table IT shows the 
results of this study and demonstrates that the fall in effective renal plasma 
flow, noted in the first 6 patients, was real, sinee total renal blood and plasma 
flow declined. Furthermore, measurement of renal blood flow by an inde- 
pendent technique, the nitrous oxide method,’ also showed a reduction in this 
function. Despite such alterations in renal blood flow, the arterial-renal 
venous oxygen difference showed no change, with a resultant decrease in both 
total renal oxygen consumption as well as renal oxygen consumption per 100 
vrams per minute. 

Upon completion of the above studies it was noted that this agent, similar 
to other agents possessing carbonic anhydrase inhibitory” * properties, pro- 
duced a significant decrease in glomerular filtration rate (GFR) and, in this 
instance and that of dichlorphenamide,* in renal blood flow. In addition, since 
the compound has shown hypotensive activity,?: °" it was decided to supple- 
ment future renal studies with measurements of cardiae output and eentral 


venous and systemic blood pressures. Table Ill demonstrates that associated 


with the significant fall in GFR (mean At —11 ml. per minute, p <0.01) 
there was a significant decline in cardiac index (mean A = —0.6 L. per minute 
per square meter, p <0.05). The latter was related to an essentially un- 
changed total body oxygen consumption (mean A = —5 ml. per minute, p 


>0.35) and a trend toward widening of the arterial-mixed venous oxygen 
difference (mean A -0.9 vol. per cent, p >0.1). The increased arterial mixed 
venous oxygen difference was related to a decrease in the mixed venous oxy- 
gen content. Respiratory quotient remained essentially unchanged (mean A 
40.06, p >0.1). 
*Since each of the 4 experimental periods was compared to the control value, it was felt 


that to reproduce the mean changes and level of significance in the body of the paper was too 
cumbersome. The reader is referred to Table I for such values. 


+Mean A mean change of the group for a given function derived from comparison of 
the individual experimental values with those of their own control. 
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Accompanying the above changes there was no alteration in mean arterial 


blood pressure (mean A QO mm. Hg), or mean pulmonary artery pressure 
(mean A 1.7 mm. He, p >0.2). In contrast, significant reductions were 
noted in right auricular (mean A 1.7 mm. Hg, p <0.05), and right ventrie- 
ular end diastolic (mean A 1.6 mm. He, p <0.02) pressures. The ealeu- 
lated results from the above observations showed significant reductions in 
right (mean A 0.20 Kg. m. per square meter, p <0.02), and left (mean A 

1.0 Kg. m. per square meter, p <0.05) ventricular work indices. The 
total peripheral resistance increased significantly (mean A 271 dyne em.° 
per see., p <0.001), while pulmonary vascular resistance remained unchanged 
(mean A 28 dyne em.” per see., p >O4). 

The pulse rate remained unchanged (mean A 0 beats per minute). 


The inelusion of data in the tables which demonstrate significant eleva- 
tions for the values of urinary flow and pI indicates that the agent was active 
in the patients under study. 


DISCUSSION 


The data contained in this paper demonstrate that the acute intravenous 
administration of chlorothiazide in a dosage of 0.7 to 5 mg. per kilogram is 
a diuretic agent, and, at the same time, capable of increasing urinary pH. A 
subsequent paper® will show that the change in the latter function is related 
to an enhaneed exeretion of buffer base. 

Accompanying the above alterations, chlorothiazide, like other agents 
which possess carbonic anhydrase inhibitory properties, produces a decline in 
renal hemodynamics, which appears to be related to a simultaneous reduction 
in cardiae output. Although the fall in eardiae index was small (mean A 

—~0.6 L. per minute per square meter), it was significant (p <0.05), and, at 
the same time, greater than that observed in this laboratory when duplicate 
cardiae outputs were determined at a similar interval of time, but when saline 


TABLE Il. CHLOROTHIAZIDE RENAL HEMODYNAMICS AND METABOLISM 


PROCEDURE CONTROL DRUG t 

1. GER (ml./min. ) 44.0 40.0 
2. Fick P.A.H. (ml./min. 359.0 329.0 
3. Hematocrit (%) 45.0 15.5 
4. Total renal blood flow (ml./min.) 665.0 605.0 
5. NO renal blood flow 

(ml./100 grams/min. ) 233.0 191.0 
6. Mean arterial blood pressure 

(mm. Hg) 143.0 143.0 
7. Renal peripheral resistance (U.) 0.22 0.24 
8. Arterial-renal venous oxygen differ- 

ence (vol. %) . i 1.39 


Total renal oxygen consumption 
(ml./min. ) 9.0 


8.4 

10, Oxygen consumption per 100 grams 
kidney (ml./100 grams/min. ) 3.2 2.7 
11. Urinary pH (U.) 5.0 6.6 
12. Urine flow (ml./min.) 2.2 3.6 


*Patient H. B., a 28-year-old white man, with diabetic nephropathy. 
*Sixty minutes after 500 mg. intravenously, 











METABOLISM 


HEMODYNAMICS AND 


‘TLOROTHIAZIDE-SYSTEMIC 


( 


TABLE 





CHLOROTHTIAZIDE IN CARDIAC AND RENAL DISEASES. I 187 


“NIN/AULVY - 
aS’Lid | 


‘ 

Q 
SD 
S0 
S0) 
“.) 
iz 
on) | 
i-_ 
7S 
78 
72 
oS 
) 

















iS 
oK/°n’°Os oc 0 Oe Ket traloc 
MAT |OD cso INC ID Hl S 
V 
mo Got = M1 Ce ms ©osion 
a/xro) |= TS = iD ~IQ|*hNS 
b pMAY = ~ 7 - _ ee \V/ 
. . , os Oo Se a 
ae ee $9 oF “£E 4-94 
IN AG Yd “ee, Cee a1 \ 
211 = - 

' : ° 41 tet aN ste st = 
JdS/s~NO) hog ©c19 OS OE ate, 

ANAG OOMAdd EO SIS) 21st eo ean aa 
. a a ligula are " 61 
OH CININ ID S =—' => tKit~ t~ 71 — 
‘eqs (VT Se ee ae We —< 
J 

OH NIN So Aor 5 
tin 





+¢AVUW 


OH IWIN 
dVdK j-- 





18.0 





14.0 





Hm AR) (fa Re = SS 
ECR fers: ee es 



























































oo S _ + © Dice 
y, DO anes m~ 1S 
Ou oo oe SVie4 
W/*NIN/ TIN C102 of oH =—=N SS AthsS 
HH GH +++ SS +0) - 
OL aN NAN NN Oo 
$(% “IOA OH eH OFC Ik eS S.laa| 2 
ao G6 SHS OHS MS wicd| 4 
“A-¥ t+ A\ Ss 
a ee rae > : z 
2n/NIn/*1) |= ™ “SS 7 oO x 2 =, 
fe : , |AIN a ae ~ s te 
XHANI OVIGNVO = = f. 
*NIW/“1IN ) Sis 8£=¢ 
mo t-oecs HoH 9t&le oO! a 92536 0 
jyap st HOH AX t~ © | x - & Lone e 
L a> © sanaurn 
~ hp nN ST gj 
© SR fp hs a 8 
= 2RE Fees a 
‘Cn a Mie Gio ae 5 = acSucrevaee 
' 22 =e eS. Se Sles°3 “£382 SEx 
Hd ANVNTND is ase Sk Co wel sloe- uk geet, 2os’ 
+ ~ ~ a a « _— =. 
V OB Sr te Whee 
eo” SesanSa 
GOlMWad |OH DA oO oA oA oA Res EFT Ug SSH 
7 © SEE22E 5533 
. “A Oe mens fea 
* ‘ o°SsusPpads 
5 m2 & - > . BAES>SEGS 
S, 22 §& &, = _qgag~25Ba’> 
~~ —_ —_ -. ae eg = 
om S = — wom = » 
— a - I mt om Oe 
ae + 4 -seS WO 
sIsoNDvid |= = “E se: a cal S sf Wo 
oO oF & os ss 6i ~ oe ae 
om = = $e S F i 4 
lem eH & mn ot | ew = . i PS 
i= Pea £ eS OFla = wa ~2* 
lay =F = = ae|e : wat o SE 
mm ~s rt m1 Om So 2 Oa ae r > g 
| ~ —_ =_ po ee ee a PP hm § = Bas ol 
| Zot esas Ge - 
. a em 18% + ++ eS 8 + 
ld e > * 4+— ++ w@ = ee t= + = + 
vr, , al 7 
LNALLVd sain 


W. B. 
g 

W. 
ey 
E. L 





ISS CROSLEY ET AL. J. 1 & Clis 
replaced the chlorothiazide. The decline in cardiae index was accompanied 
by a reduction in central venous pressures compatible with a decreased venous 
return and or venous pooling. Although the mean pulmonary artery pressure 
did not appear to fall significantly, the mean change in this function (—1.7 mm. 


ITy 
(—1.6 mm. He 


was equal to the significant reductions in right ventricular end diastolic 


and right auricular (—1.7 mm. He) pressures, so that its failure 
to reach statistical significance probably represents the variability caused by 
the inherent difficulties in measurment of this function (e.g., catheter artefact 
caused by excessive motion in the pulmonary artery Further evidenee of 
the relationship of the decreased venous return to the decline in cardiac out- 
put, and of the latter to the reduction in renal hemodynamics, was shown in 


(Table IV 


rate returned 


a supplementary study It may be seen that cardiae output and 


vlomerular filtration to control values when venous return was 


augmented by clevation of the legs. The fall in the mean arterial blood pres- 
sure and the continuation of the hypotension, despite the return of the cardiac 
index to control values, may be explained on the basis that this individual 
was sodium depleted, prior to the time of the study, by the nausea and vom- 
iting related to his illness. It is quite probable that the reduction in e¢ardiac 
output bears little relation to the hypotensive action of this agent, or that, 
at most, it is but a small additive factor in the production of a fall in blood 
pressure (see below 


Although 


after the intravenous use of this agent, the results of Zenisek and Kirkendall ' 


one report’? has indicated no change in renal hemodynamies 


confirm the results of our investigations. Furthermore, the extended studies 


of renal funetion, performed by the latter authors, indicate that this suppres 


sion of renal funetion is a continuing process in patienis who receive the 


drug orally on a chronic basis. The fall in renal oxygen consumption is in 
accord with the in vitro effeets of this agent on human kidney slices as de- 
scribed by Earle." 

The (1) the 
increased urine flow and urinary pl are indices of the diuretic and saluretic 
activity of 


clinical significance of these observations is several-fold: 


> ae 


this agent, when used in patients with edematous states’ 


TABLE LV. Errects oF ELEVATION OF LEGS ON HEMODYNAMIC RESPONSES TO CHLOROTHIAZIDI 








LEGS 
FUNCTION CONTRO! DRUG t ELEVATED} 
Glomerular filtration rate 101.0 52.0 97.0 
Cardiac index a 1.9 3.4 
Right auricular pressure 3.2 2.9 
Right ventricular end diastolic pressure 5 6.5 
Mean pulmonary artery pressure 13.0 10.0 12.0 
Total pulmonary resistance 157.0 211.0 144.0 
Right ventricular work index 0.60 0.27 0.56 
Mean arterial blood pressure 162.0 86.0 82.0 
Pulse 80.0 60.0 80.0 
Total peripheral resistance 1,954.0 1,812.0 982.0 
Left ventricular work index ta 2.5 3.8 
*Patient J. A., with essential hypertension. 
*Sixty minutes after 500 meg. chlorothiazide intravenously 
tTen minutes after drug observation? with legs elevated at approximately 45 degrees 
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2) the reductions noted in renal hemodynamics may well account for the elini- 
cal observations of rising, but reversible, nonprotein nitrogen levels in patients 
under treatment with this compound.’ ' It should be noted that clinieal 
evaluation of renal function in patients who received this agent should be 
interpreted in the light of the knowledge that renal funetion may be de- 
pressed. (3) The observation of a decline in left ventricular work indices, 
coupled with those of Castillo and co-workers'> that this agent has no signifi- 
cant effeet on coronary blood flow, may provide a rational explanation of the 
report’’ that chlorothiazide administration has provided some relief of pain 
in patients with angina pectoris; and (4) the findings of a decreased central 
venous pressure, compatible with a decreased venous return and/or venous 
pooling, must be considered in light of reports of hepatic toxicity and/or 
increased bleeding of esophageal varices in patients with liver disease.2’ 9 Fur- 
thermore, they are also in accord with the reduced plasma volume noted by 
Tapia and co-workers,” and Freis and co-workers." 

inally, these results do not clarify the possible relationship between the 
hypotensive action of this compound and the observed fall in cardiae index. 
Reports by Tapia and co-workers’ suggest that, on a chronie basis, the major 
portion of its hypotensive action is related to sodium and water depletion. 
Sinee mean arterial blood pressure remained unchanged in our patients, it is 
apparent that the reduction in cardiac output had no acute effect upon blood 
pressure, However, when combined with other factors, such as sodium deple- 
tion, decreased plasma volume, the upright position, ete., the fall in eardiae 
output may be greater than that which occurs acutely, and, thus, may beeome 
in additive factor in the production of hypotension. Further studies are 


necessary to define this point. 


SUMMARY 


1. Systemic and renal hemodynamic studies were made in 14 patients 
vith cardiae and or renal disease after the acute intravenous administration 
t chlorothiazide in a dose of 0.7 to 5.0 me. per kilogram. 

2. The results demonstrated a significant reduction in renal hemodynam- 

s which were coincident with, and probably secondary to, a decline in 
rdia¢ output. The fall in the latter function was associated with a decrease 
central venous pressure Compatible with a decline in venous return and/or 
nous pooling, 
5. It is suggested that these acute results bear a relationship to certain 
nical observations noted after the administration of this agent on a chronic 
SIs. 
We wish to express our appreciation to Mrs. Phyllis Fosshage and Mrs. Audrey 
erson and co-workers for their technical assistance in the preparation of this research. 
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STUDIES OF THE MECHANISM OF ACTION OF CHLOROTITAZIDE 
IN CARDIAC AND RENAL DISEASES 


Il. Acute Errects ON ELECTROLYTE AND ACID-BASE METABOLISM 


ARCHER P. Cros_ry, Jr., M.D.,* Roperr C. CULLEN, M.D., DouGLas WHITE, 
M.D., Joserpu F. Freeman, M.D., CHuartes W. Crumpton, M.D., Cesar A. 
CasTILLo, M.D., AND GrorGce G. Rowr, M.D.** 

Mapison, Wis. 


PREVIOUS communication’ from this laboratory deseribed the systemie 
A and renal hemodyvnamie and metabolic alterations which oceur in: man 
after the acute intravenous administration of chlorothiazide. As noted in the 
previous article, there occurred significant reductions in glomerular filtration 
rate and renal blood flow which were associated with a significant reduction 
in cardiae output. Despite such declines in these functions, there was also 
noted a significant rise in urinary pH and in the exeretion rate of urine. The 
purpose of this article is to elaborate on the mechanism of action responsible 
for the increase in urinary pH and the enhaneed rate of urine formation. 
Since it will be shown that the changes observed in the excretory pattern of 
electrolytes and water were responsible for certain systemic acid-base alter- 
ations, results will be presented to demonstrate the mechanism by which such 
deviations oceur. 

METHODS 

The nature of the patients and the protocol for study during the acute experiments 
vere similar to those deseribed in the first article.1 However, in certain patients, additional 
nformation which concerned their acid-base and electrolyte status was obtained. These 
leterminations, as well as their methods of estimation, are presented in the footnotes of 
Tables I and LI. 

RESULTS 

As previously reported,’ the acute intravenous administration of chloro- 
thiazide (0.7 to 5.0 mg. per kilogram) to patients with cardiae and/or renal 
(lisease was associated, within 15 to 30 minutes, with a significant} reduction 
n glomerular filtration rate and a significant elevation of the urinary pH 

Table 1). The rise in urinary pH was associated with significant increases 
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7Since the significance of the values was calculated for each of 4 experimental periods 
n, Ke, Es, and Ey), the reader is referred to Table I for the actual values, as well as for 
elr levels of statistical significance (p). 
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CI—IN 
ULIN 
RACE CLEAR URINARY | 
AND ANCE plt* Ka 
PATIENT AGI SEX DIAGNOSIS DOSE PERIOD (ML./MIN.) (UNITS) MID 
BE. A. 28 W,M_~ Essential 19 mg./Kg Cc 30 6.5 7 
hypertension Ki, 141 7.4 0.6] 
E. 108 8.0 66 
E 108 8.0 16 
E, 107 S.0 +4 
C. M. 34 W,M Essential 0.8 mg./Kg. } 128 ).1 0.08 
hypertension E, 121 7.4 1S 
E. 120 7.4 HF 
EK Ll4 7.6 0.5 
KE, 107 8.0 i 
E. K. 53 W,M Diabetic .0 mg./Kg. C 105 5.2 26 
nephropathy E; 106 7.0 0.66 
EK. 107 7.4 0.79 
ki 107 7.6 I 
K, 107 7.6 0.6] 
a 2 18 W,M Diabetic 3.7 mg./Kg C 123 i Be 15 
nephropathy OF 112 7.2 55 
E. a9 7.2 1,6 
EK 93 8.0 4 
EK, 72 8.0 7 
C. E. $2 WM Diabetie 0.7 mg./Kg C i7 6.8 1.2 
nephropathy E 97 6.8 4 
FE. 64 7.2 1.49 
1D) 60 77 0.41 
E, 55 73 41 
G. W. 27 W,M Diabetic 2.5 mg./Kg. C 69 5.0 0.14 
nephropathy E, 63 6.8 ) 
E. 54 7.0 ().28 
E, 51 6.8 ).2 
E, 16 6.8 0.17 
Mean E, ] +1.4 1.36 
E, 13 +1.7 0.43 
E, 17 <i8 7 
K, —23 +1.9 24 
ps E, >0.9 <0.01 1,001 
E, <0.02 <0.01 1.01 
B, <001 <0.01 1.0] 
E, < 0.05 < 0.01 ] 
*Hydrion test paper. Urine pH, determined by this method, agrees to within 0.1 pH 
units as determined by Beckman pH meter. 
tTUV excretion rate of particular electrolyte. 
TC/C; % of filtered load excreted of particular electrolyte. 
SU Vaz excretion rate of buffer base.* 
Mean mean change of the group from individual control value 


p probability. 
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x WATER AND ELECTROLYTE EXCRETION 
REAB- 
OSMO- FREE SORBED 
RATE OF LALITY WATER WATER 
URINI CLEAR CLEAR- CLEAR- 
UV«T UVert UVians FLOW ANCE ANCE ANCE 
Bo - /Cy} Ea. Cx /Cyi (MEa. Co/Cxi M Ea. (ML. (ML. ML. ML. 
Of MIN. ) %“ MIN. ) (% MIN. MIN. MIN.) MIN. MIN. 
” 0.35 0.079 19.0 0.090 0.67 0.055 1.2 0.79 0.46 0.0 
e1 ISD 0.226 10.8 0.504 ee O.385 $.8 1.52 0.00 0.2 
56 $02 0.242 53.4 0.550 4.72 0.3855 $.8 $.52 0.00 0.3 
ry 261 0.208 15.9 0.507 t.a0 0.260 3.9 6.50 0.00 2 6 
$4 2 70 0.172 Ke 0.480 $.1] 0.200 ee 
(Ve 0.39 0.076 14.7 0.126 0.94 0,030 2 8 9 20) 0.40 0.0 
5 2.68 0.210 $1.9 0.420 3.41 0.300 6.4 2 90 3.50 0.0 
66 3.50 0.260 52:9 0.544 t.55 O.376 3.7 7.20 1d 
5 2.45 0.210 10.6 0.424 ways 0.286 2.6 £30 oy 
268 9 04 0.180 $1.4 0.3855 3.24 O.1S5 2.2 3.80 1.6 
»¥ 1.97 0.032 S.4 0.234 2.20 0.80 LS $.13 2.3 
66 $.26 0.053 14.3 0.482 3.83 0.281 9.6 6.04 1 
73 $80) 0.057 15.4 0.459 £.05 0.348 D1 5.98 = BS 
$.15 0.052 14.9 0.414 3.6] 0.238 3.1 £.36 1.2 
6] 3.93 0.050 13.9 0.408 3.70 0.252 3.4 5.0 2.0 
5 0.90 0.150 0.4 0.180 1.42 0.120 » SO i 1.4 
3.5t 0.250 63.8 0.419 3.64 0.381 6.90 0.80 
: 175 0.220 63.8 0.462 $.53 0.408 3 6.90 1.5 
4 $24 0.160 49.2 0.377 3.90 0.323 7 1.90) : 2» 
7 3.76 O.130 50.4 0.284 ae 0.216 1.5 3.40 1.9 
2 1.86 0.210 57.0 0.215 2.87 0.202 7.9 53.81 $.58 
{ » OA) 0.290 61.9 0.359 3.69 0.341 Ue g 6.80 £.90 
49 o.20 0.220 71.4 0.3855 5.52 0.355 6.6 6.06 0.53 
4 1.72 0.180 67.3 0.266 4.48 0.424 1.9 4.70 0.24 
41 doe 0.170 74.1 0.308 5.58 0.272 1.8 1.80 0.02 
14 1.48 0.130 38.1 0.192 1.86 0.078 28 977 0.53 
3.45 0.170 52.0 0.266 2.58 0.204 6.3 4.08 2 20 
28 3.47 0.150 53.5 0.236 2.29 0.194 3.8 2.79 1.04 
.2 d.27 0.140 55.0 0.220 2.14 0.150 3.9 3.10 0.81 
).17 2.68 0.120 53.4 0.193 1.88 0.097 2.7 2.45 0.20 
1.36 +Z.14 +0.087 +19.4 +0.225 +1.92 +0.221 +4.8 +262 
43 +319 +0.079 +25.4 +0.260 +2.60 +0.245 +2.2 +2.83 
1.37 +275 +0.060 +17.6 +O0.195 +2.02 +0.187 +0.5 +1.89 
4 fou +0.018 e07.2 +0.164 +205 +0.110 +0.0 +0.69 
001 < 0.01 0.01 <0.02 <0.01 < 0.01 <0.01 < 0.001 < 0.01 
1.01 SIAL 0.05 <0.01 <0.01 < 0.01 < 0.01 < 0.05 < 0.02 
,0] AL 0.05 <0.01 < 0.02 < 0.01 < 0.001 S006 S01 
| 0.0] 0.5 <0.01 < 0.05 <0) < 0.01 _ S01 
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in the exeretion rates of sodium, potassium, and ehloride. The sum of the 
increases in the exeretion rates of sodium plus potassium so exceeded the rise 
in the exeretion rate of chloride that there was an enhanced exeretion rate 
of urinary buffer base. The latter caleulation was made in aecordance with 
the method of Singer and associates.” 

The term, buffer base (BB), as applied to the urine and whole blood (see 
below) determinations in this paper, is used in aceordanee with the definition 
of Barker and Elkinton® and Singer.!. To quote the former,’ this does not 
“specify either the cationic or anionie value as primary, sinee the buffer anion 
cannot exist without an equal amount of cation.” However, in the present 
circumstances the primary urinary eationie component has been shown to be 
sodium and or potassium, while the anionie component is assumed to be bi- 
carbonate, since the work of Pitts and co-workers® has shown that after acute 
chlorothiazide administration the difference between the sum of the exeretion 
rates of sodium plus potassium minus the exeretion rate of chloride is almost 
exactly matched by an inereased rate of exeretion of bicarbonate, 

The inereased electrolyte exeretion was associated with a significant rise 
in the exeretion rate of urine. The latter was related to an osmotic diuresis 
as evidenced by a significant evaluation of the osmolality clearance. In all 
cases there was an initial rise within the first 15 minutes of free water clearance 
which, thereafter, returned to, or went below control levels. Furthermore, in 
» of 6 patients, from 15 minutes to the completion of the study at one hour, 
there was a rise in the T’y,o. The pattern, with regard to water excretion, 
Was exactly the same whether the patients were in a hydrated or hydropenie 
state during the control periods. It was also noted that the exeretion rate of 
water, as well as the osmolality clearance, was not significantly increased after 
30 minutes, whereas the excretion rates of sodium, chloride, and buffer base re- 
inained significantly elevated. 

The results demonstrate that throughout the entire 60 minutes of study, 
the pereentage of the filtered load of sodium, potassium, and chloride which 
were exereted remained significantly increased. These results show that chloro- 
thiazide acts at the tubular level. 

Despite these marked losses of electrolytes in the urine there were no 
significant changes with respect to the plasma sodium and chloride concentra- 
tions. Four of the patients showed changes of 0.2 to 0.6 mEq. per liter of plasma 
potassium, but the over-all change for the group in relation to this funetion 
vas not statistically significant. For this reason more detailed studies were 

lade on an acute basis in 5 patients (Table IL). As previously noted, all 5 pa- 
ients showed a significant rise in the urinary pH, which demonstrated that the 
ction of the drug was similar to that noted in the first group of subjeets and, al- 
iough the urinary electrolytes were not repeated in these individuals, presum- 
bly was related to increased excretion rates of sodium, potassium, chloride, and 
uuffer base. At the time, however, there was a significant rise in the arterial 
hole blood pH (mean A = +0.6 U., p = <0.05). This elevation had oceurred 
espite the marked loss of urinary buffer base (largely sodium and/or potassium 
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bicarbonate-see above), and was in turn refleeted by a significant reduction 


of the arterial whole blood total carbon dioxide content (mean A = —0.56 mm. 
per liter, p — <0.05). The latter was due to a significant decrease in the 
arterial plasma bicarbonate fraction (mean A = -0.6 mEq. per liter, p = 


<0.05) as well as a significant reduction in the arterial partial pressure of 
carbon dioxide (-+.7 mm. Hg, p <0.02). Although the studies reported in 
the first paper did not show a signifieant increase in the carbon dioxide content 
of expired air, it has been well documented that changes may oeeur in the 
arterial partial pressure of carbon dioxide without demonstrable increases in 
the carbon dioxide content of expired air.” Despite the inereased loss of buffer 
hase in the urine and the reflection of the same in the bicarbonate fraction of 
plasma, a significant increase in the arterial whole blood buffer base (mean A 
= -1.3 mEq. per liter, p = <0.001) was noted. Such results in the presence 
of an unehanged hematoerit and in the absence of measurements of total body 
buffer base can best be explained if this inerease in arterial whole blood buffer 
base is assumed to be a result of the transfer of buffer base from the intra- 
cellular to the extracellular fluid compartment. The rise in the arterial whole 
blood buffer base probably accounts for the lack of significant changes in the 
serum electrolyte concentrations as well as the rise in arterial pH, since the 
transter of buffer base in and out of cells is always associated with the move- 
ment of hydrogen ions in the opposite direction, regardless of the type of 
acide-base disturbanee.*: * * 
COMMENTS 

When the results of the acute experiments are combined, the following 
mechanism of action for chlorothiazide ean be formulated: after the acute 
intravenous administration of chlorothiazide in a dose of 0.7 to 5.0 me. per 
kilogram there is a signifieant reduction in eardiae output which is probably 
related to venous pooling and/or a decreased venous return. This deeline in 
cardiae output is responsible for a significant reduction in glomerular filtration 
rate and renal blood flow. 

Despite such hemodynamie changes, chlorothiazide acts on the renal tubule 
by enhancing the exeretion rates of sodium, potassium, chloride, and buffer 
base. Such changes in urinary electrolyte exeretion are responsible for the 
observed inerease in urinary pH as well as increased osmolality clearances and 
the resulting water diuresis. Since the pattern of water excretion was qual- 
itatively the same in hydrated and hydropenie states, there is evidence for the 
localization of the primary action of chlorothiazide to the proximal tubule 
Ilowever, the decrease in free water clearance and the rise in T*y,0, in accord 
with the work of Heinemann and associates,’ suggests an additional distal tubula: 
action. Further evidence for a distal tubular component is the fact that this 
agent possesses carbonic anhydrase inhibitory properties which decrease hy 
drogen ion seeretion and enhance potassium secretion. Such a location is 
consistent with previous observations which suggest that chlorothiazide is ex 


ereted by glomerular filtration and proximal tubular seeretion,’® as well as 

















Volume 35 CHLOROTHIAZIDE IN CARDIAC AND RENAL DISEASES. II 197 


recent work of Vander and associates'' which demonstrated by the stop-flow 
technique that the major diuretie and natriuretie activity of the agent was 
localized to the proximal segment with a lesser effect on the distal tubule. 
Despite such marked increases in the urinary buffer base only minor 
changes in the plasma electrolyte concentrations are found with the possible 
exception of a trend toward hypokalemia. <A rise in arterial whole blood pH 
is evidence of an alkalosis. Sueh an alkalosis is present even though the arterial 
whole blood CO. content is lowered by the urinary loss of bicarbonate (see 
above), which is reflected in a signifieant deerease in arterial plasma biear- 
honate and by a decrease in the arterial partial pressure of carbon dioxide. 
The rise in arterial whole blood pil would appear, therefore, to be related to 
a significant increase in the arterial whole blood buffer base whieh, in view of 
an unchanged hematocrit and the absence of measurements of total body buffer 
base, has been assumed to represent a transter of buffer base from the intra- 
cellular fluid to the extracellular fluid in exchange for hydrogen ions. These 
results do not explain the ultimate mechanism whereby, on chronic administra- 
tion, a hypochloremic, hypokalemic alkalosis may occur in association with an 
elevated plasma or serum carbon dioxide content. This requires further in- 
vestigation since this agent has been shown to be capable of producing not 


only an alkalotie state, but, in certain other patients, a metabolie acidosis.’ 


SUMMARY AND CONCLUSIONS 


1. The acute intravenous administration of chlorothiazide in a dose of 0.7 
to 5.0 mg. per kilogram produces significant reductions in glomerular filtration 
rate and renal plasma flow, which are related to a fall in cardiae output 
secondary to decreased venous return and/or venous pooling. 

2. Associated with such hemodynamie changes, this agent, by its action 
on the proximal tubule, produces an increased excretion of sodium and chloride 
ind, by carbonie-anhydrase inhibition in the distal tubule, an enhaneed loss 
of potassium and buffer base. 

4. Despite such urinary changes the arterial pH rises. It is suggested that 
the latter is probably related to a transfer of buffer base from the intracellular 
luid phase to the extracellular fluid in exehange for hydrogen ions. 


We wish to express our appreciation to Mrs. Phyllis Fosshage and Mrs. Audrey 


‘eterson and co-workers for their technical assistance in the preparation of this article. 
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EXPERIMENTAL STAPILYLOCOCCAL INFECTION IN MICE: 
OBSERVATIONS ON TILE EFFECTS OF INOCULUM SIZE, STRAIN 
VARIATION, PENICILLIN, AND CORTISONE 
THomas EF. SELLERS, JR., M.D..* axnp CHar Les A. LEMArstTRE, M.D.** 
ATLANTA, GA. 


ECENTLY the problems of staphylococcal infection and disease have re- 

ceived considerable study. Since eradication of the ubiquitous staphylo- 
coceus is virtually impossible, elimination of the staphylococcus as a potential 
souree for disease is unlikely in the immediate future. It is equally clear that 
staphyvlococeal disease is an uneommon event when one considers the almost 
constant contact this microbe has with potential human hosts. Its most common 
role appears to be that of a member of the so-called “normal flora” rather than 
that of a pathogen. Therefore, the circumstances in which disease is initiated 
and those factors whieh predispose the host to disease become important areas 
for investigation. 

The experiments deseribed were performed over a 5 vear period in the study 
of an experimental host-parasite relationship in mice. The results reported are 
concerned with differences in organ response to infection, in effects of alterations 
in dosage and microbial strain, upon the fate of staphylococci in these experi- 
ments, and the effeets of penicillin and cortisone upon the course of infeetion. 


MATERIALS AND METHODS 


Bacterial Cultures. A variety of strains of staphyvococeus were used in this study. A 


rief deseription will be given of each of the strains. 
A. Coagulase-positive, mannitol-fermenting, hemolytic, aureus strains: 


1. Lord: phage type, nontypable, isolated hy blood culture from a subject with fatal 
acute bacterial endocarditis. 

2. S. A. 235: phage type 44A 42E also known as the Smith strain. 

3. Stovall: phage type 47/53, isolated from a subject with widespread fatal staphy- 
locoeeal infection. 

4. W. B.: phage type 42D, isolated from a subject with staphylococcal infection, and 
obtained from Dr. R. M. MeCune at the New York Hospital. It is the same as the 
Wolbeck strain. 


Winnepeg: phage type 81; this strain was isolated from newborn infants and 
nursing mothers with staphylocoecal infections, and was obtained from Dr. J. 
Colbeeck, Vancouver, B. C. 


From the Department of Medicine, Emory University School of Medicine, and the Medical 
rvice, Grady Memorial Hospital, Atlanta, Ga. 

This study was made possible by Grant E-1043, United States Public Health Sefvice. 

Received for publication May 25, 1959. 

*Fellow, National Foundation for Infantile Paralysis. Present address: Assistant Pro- 
sor of Medicine, Emory University School of Medicine, 69 Butler Street, Atlanta, 3, Ga. 

**Present address: Medical Director, Woodlawn Hospital, 3819 Maple Ave., Dallas, Texas, 


199 



































200 SELLERS AND LE MAISTRE a & ¢ = 
B. Coagulase-negative, albus strains: 
l. M. A. M.: phage type 42D, a coagulase-variable, hemolytic strain ol tained from 
Dr. D. Rogers at the New York Hospital. At the time of these experiments this 
strain was congulase-negative. 
’. Strange: phage type, nontypable, a congulase-negative, nonhemolytie strain re 
covered from culture of normal anterior nares, 
Fig. 1 
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Fig. 2 
Fig. 1 Bacterial populations in 3 organs after intravenous injection of staphylococc 
Strain S. A. 235 into Swiss albino mice Note stability of staphylococcal population in tl 
lungs over the 90 day period (Early experiments.) 
Fig. 2 The fate of staphylococcal Strain S. A. 235 approximately 1 year after the ser 
of experiments represented in Fig. 1 Note difference in staphylococcal populations in the lung 
when contrasted with the results in Fig. 1. 
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EFFECTS ON STAPHYLOCOCCAL INFECTION IN MICE (| 


Tnoculation and Grinding Teehniques.—The inocula were prepared as follows: an 18-hour 
nutrient broth culture was prepared, from which an aliquot was centrifuged in round bottomed 


centrifuge tubes for 20 minutes at 3,000 rpm. The supernatant was removed by pipeting and 


the remaining organisms were resuspended in 0.85 per cent sterile saline to the desired volume. 
When resuspended in 14 the original volume the inocula contained approximately 107 organisms 


per OL ml. The staphylococcal inocula were administered intravenously (0.1 ml.) through the 


eaudal vein, At appropriate intervals after inoculation, groups of 3 or more mice were killed, 


and the lungs, spleen, and kidneys were removed aseptically. 


These organs were homogenized by 
a modifieation of the Fenner, Martin, and Pierce! 


tissue homogenization technique adapted fon 


use with staphylococeal infeetions. This technique is much the same as that deseribed by 


Smith and Dubos,? and McCune and associates.) The organs were transferred to Pyrex ignition 


tubes and diluted with plivsiologic saline to 


a calibrated 3.0 ml mark. The organs were then 


homogenized by Teflon grinding heads attached to a 4 inch eleetrie drill. The resulting 
| 


iomogenates were diluted serially in O.85 per cent saline by tenfold and one-hundredfold dilu 


tions, 


One milliliter aliquots were placed in sterile Petri dishes, and melted nutrient agar at 
o0° C., was added to make pour plates. After 24 hours’ incubation the number of staphylo 


coceal colonies were enumerated with the aid of a Quebee Colony counter, The counts obtained 


after 24 hour incubations were used since the repeat count after 48 hours’ ineubation showed 


essentially no differences. Since the final colony count is derived from an original 1.0 ml. 


aliquot of the 3.0 ml. hemogenate 


, the number of organisms or viable units present in each set 
of organs could then be calculated by multiplying the number per milliliter by 38. 


Calewlations.—The bacterial population so determined for each organ was converted to 


the logarithm to the base 10.) The average logarithm was then determined for each set of 


organs on a given evaluation day. For graphing purposes, individual logarithms are plotted 
to indicate the spread of values, but the population trend lines are drawn by sight, using the 
averages of the logarithms as guides. Organs without culturable organisms were considered for 


purposes of calculation to contain 1 organism so that the logarithm O might be used. Such 
values were included in the determination of the average logarithms. 

fnimals.—The animals used were 15 to 20 gram Swiss albino mice® obtained at 4.5 to 5.5 

veeks of age. They were housed in wire cages in groups of 15 to 20 and were fed standard 
aboratory mouse pellets and water ad libitum. 

Only animals that survived were used for the enumeration data. Animals that died from 

nfection or other causes were noted, but not used for the tissue homogenizations. Animals 

vere killed from 1 cage unit at a time to avoid bias in the seleetion, 


FATE OF THE STAPHYLOCOCCI WITH A STANDARD 
INOCULUM OF THE STANDARD STRAIN 


Several strains of Staphylococcus aureus were investigated in an effort to 
tain an experimental infection of sufficiently low mortality to allow observa- 
ion over a prolonged period of time, vet one in which clearly different organ 
aatterms were encountered for the fate of the staphylococci. The strain whieh 


ulfilled these criteria best was the strain designated as S.A. 235. 

Tnocula.—The inocula used for this phase of the study represented a 2:1 concentration 
an 18-hour nutrient broth culture and contained approximately 107 organisms per injection. 

Results.—Two distinetly different organ patterns for the fate of S. A. 235 
the mouse were encountered (Fig. 1). Multiplication occurred initially in the 
dney during the first week, followed by a maintenance of the population 
ving the second week, and a steady decline thereafter. A rapid inerease in 
jennie bacterial population occurred during the first week, after which a slow 
eerease was noted in the already low bacterial population. Persistine organ- 
is in the spleen were found up to 90 days afterward. The organ patterns for 
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the fate of S. A. 235 in the kidney and in the spleen have been found uniformly 
reproducible at a standard inoculum—in this instance, 107 microorganisms. 

Population curves for the lungs, however, were somewhat variable. In 
early experiments in which this technique was used bacterial populations in the 
lung were stable at generally predictable levels throughout a 90 day period 
(Fig. 1). Although this pattern was reproducible at the time of the initial ex- 
periments, investigations 1 year later failed to show the sustained patterns for 
the lung. Instead, declining lung populations were observed which often paral- 
leled the falling bacterial population eurves for the spleen (Fig. 2). No ex- 
planation for this change is known. So far as ean be established, all experi- 
ments were performed in the same manner, and the bacterial counts from the 
kidneys and spleens showed no alteration from their usual pattern. No change 
in the routine bacteriologie qualities of Strain S. A. 235 was recognized. Experi- 
ments of other workers using the same strain and technique have demonstrated 
a tendency of lung populations of staphylococci to remain stable or to slowly 
decline. 

The gross lesions of the staphylococcal infections were for the most part 
identical with those deseribed by Smith and Dubos*; that is, cortical abscesses 
in the kidneys and splenie hyperplasia. In rare instances a circumscribed lung 
abscess was encountered. When the infeetion was of long duration, hindleg 
paralysis of the mice was oceasionally observed. Extensive osteomyelitis of a 
localized vertebral area was noted with paravertebral abscess formation and 
spinal cord compression. Many of these animals had a notable kyphosis at the 
point of infeetion. Similar manifestations of staphylococeal infection in rabbits 
have been deseribed by Forssman.” 

As observed in animals killed several weeks after infection, considerable 
healing of the kidney infections had taken place although one or both usually 
showed marked searring. Total replacement of a kidney by fibrous tissue was 
occasionally encountered. 

Comment.—These experiments, repeatedly confirmed, serve to establish 
characteristic population curves which reflect specific differences in the handling 
of staphylococci by the mouse lung, spleen, and kidney. Multiplication in th« 
kidneys after 7 to 10 days was followed by a high plateau of bacterial popula 
tions and by a subsequent slow decline. Declining populations in the spleei 
were also consistently observed. Staphylococcal populations in the lung varied 
between a constant level and a slowly declining one. 


EFFECT OF VARIOUS SIZES OF INOCULA 


A. Small Inocula—Experiments were undertaken to determine the mini 
mum inoculum necessary to produce the predictable patterns previously d« 
scribed, and to observe possible differences that might arise with much small 
inocula. 

Preparation of inocula: Inocula below the size of the standard inoculum were obtain 


by making tenfold or hundredfold serial dilutions of the standard inoculum of S. A. 235 to pr 
duce inocula in the range of 106, 105, and 103, 
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Results: Inocula in the range of 10° produced multiplication in the kidney 
Just as before. An inoculum of 10°, or lower, produced no detectable multipliea- 
tion in the kidney (Fig. 3). The population curves produced in the mouse 
spleen by the smaller inocula showed no significant differences from those previ- 
ously observed (Fig. +). Somewhat different, however, was the fate of 4 different 
inocula in the mouse lung from that seen in the initial experiments (Fig. 5). 
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Fig. 3.—Effect of varying sized intravenous inocula upon the fate of Strain S. A. 23: 
the kidneys of Swiss albino mice. 


Fig. 4.—Effect of varying sized intravenous inocula upon the fate of Strain S. A. 235 
the spleen. 
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Inocula in the range of 10° and 10° produced horizontal trend lines over a 90- 
day period at approximately the same level. Although eventually the same 
levels were achieved by the inocula in the 10° and 10° ranges, clearly defined 
lavs occurred in both of these latter instances. 

Experiments 1 year later with the same strain again failed to demonstrate 


sustained populations in the lung (Fig. 6). No striking differences in the lung 
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Fig. 5.—Effect of varying sized intravenous inocula (10%, 10°, 105, and 10°) upon t 
fate of Strain S. A. 235 in the lung 


rig. 6 Kiffect of varying sized intravenous inocula upon the fate of Strain S. A 
in the lung approximately 1 year after the series of experiments represented in Fig. 
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patterns, after the injection of various inocula in the range of 10%, 10°, and 10°, 
were observed. Although the 107 inoculum remained somewhat higher than the 
lower inocula, its slope of decline was essentially the same. 

Comment: These data indicate that there is a eritieal number of staphylo- 
coeei, injected intravenously, which are necessary to produce the characteristic 
kidney population curves. Dilute inocula produced no significant increase in the 
already rapid splenic clearance. At times, even the smallest inoculum used 
produced a sustained lung population, but this was less commonly observed than 
the usual declining staphylococcal titer. 

B. High Inocula.—The possibility was also considered that injection of a 
much larger inoculum might produce differences in the bacterial population 
curves. 

Preparation of inocula: In these experiments, initially Strain W. B. was used. The 
bacterial population curves for Strain W. B., however, were consistently identical with those 
shown in Fig. 2 for 8S. A. 235 when comparable inocula were used. 

For the preparation of the concentrated inocula, the following procedure was em- 
ploved: from an 18-hour nutrient broth culture similar to that used in previous experi- 
ments, 200 ml. aliquots were placed in round-bottom centrifuge flasks and centrifuged at 
5,000 r.p.m. for 30 minutes. After removal of the supernatant, the remaining organisms 
were resuspended in normal saline, 2.0 ml. per flask. This represented a 100:1 coneentra- 


tion of the original broth culture and contained 10° organisms per 0.1 ml. 


Results: A group of 49 mice were injected intravenously with 0.1 ml. of 
this coneentrated inoculum. In previous experiments spontaneous mortality in 
the animals had ranged from 3 to 10 per cent with strain W. B.; the greatest 
mortality corresponded to the peak of kidney multiplieation at 6 to 7 days. 
Apart from a few animals dying immediately after injection, probably because 
of air embolism or the like, no deaths had been observed before 48 hours with any 
strain of staphylococcus injected. In the first experiment in which an inoeulum 
of 10° organisms was used, however, all animals died in less than 18 hours. 
Subsequent experiments showed that death occurred very predictably between 
>» to 7 hours after inoculation. After the injection of an inoeulum of 
10° organisms, the animals appeared essentially normal for the first few hours. 
\pproximately 4+ to 5 hours after injection, they began to huddle quietly to- 
rether and a striking tachypnea was noted. A progressive prostration soon 
ollowed with evanosis and cessation of all except respiratory movements. 
ecasionally convulsions were observed terminally. Direct observation of the 


asculature of the mouse ear with a dissecting microscope during this terminal 


TABLE I. CONCENTRATED STAPHYLOCOCCAL INOCULA (TOTAL MORTALITY BY 18 Hours) 


STRAIN INOCULUM (0.1 ML.) MORTALITY 
W.B. a3 109* 49:49 
LT 109 10:10 
LZ 109 (heat-killed ) 0:10 
M. A. M. 2 109 9-9 
Strange 1.2 109 0:7 
2.4 109 0:12 
*Log of culturable staphylococcal units per organ at 1 hour after this inoculum: lungs, 


105; spleen, 1 x 10°; and kidneys, 6 x10‘ 
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phase revealed a moderate degree of arterial spasm, with venous engorgement, 
and marked slowing of blood flow. Most animals were dead by 6 hours and all 
had died by the seventh hour after injection. Autopsy revealed little except 
hepatie congestion. A summary of the large inoculum experiments is shown in 
Table I. 

Colony counts in organs done on animals killed 1 hour after the injection 
were quite high. In contrast to the standard experimental model, the highest 
counts were consistently observed in the lung. The bacterial populations in the 
lung were at least 114 logarithms higher than the counts observed in the spleen 
and kidney at the same interval of time. When the same inoculum was heat- 
killed and injected in a similar manner, none of the animals died, which indi- 
eated that the heat-treated suspension of staphylococci, even at the same titer, 
lacked the lethal qualities of the living culture. Injection of 10° organisms of 
the coagulase-negative, hemolytic strain, M. A. M., also produced rapid death 
in all 9 animals. This is of particular interest since a 10° inoeulum of this 
strain produced no detectable multiplication in any of the organs examined 
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Fig. 7.—Comparison of the fate of 3 staphylococcal strains in kidneys, lungs, and spleens « 
Swiss albino mice Note lack of essential differences in bacterial populations. 
(lungs, spleens, and kidneys). In a further effort to determine the reasons fo! 
the lethal nature of the large inoculum, a coagulase-negative, nonhemolytie, albus 
strain (Strange) was used in a similar inoculum size. None of the animals in 

jected with this strain died. 

Comment: No population curves could be obtained because of the hig! 
early mortality. The cause of this rapid and predictable fate cannot be de 
termined from these data, but the absence of mortality with heat-killed orga 
isms and the absence of the broth component of the culture indicate that som 
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feature of the living staphylococcus is involved. Alpha hemolysin production, 
with its known lethal effect upon the host, seems a likely explanation sinee the 
hemolytie properties of the strains used correlated well with the results obtained. 


FATE OF VARIOUS STRAINS OF STAPHYLOCOCCI] WHEN THE 


STANDARD INOCULUM IS USED 


After considerable experience with certain basie staphylococeal strains was 
obtained, infection produced in mice by the injection of staphylococeal strains, 
recently isolated from human disease, was investigated. Strains Winnepeg, 
Lord, and Stovall were selected, each having been involved in a different, yet 
characteristic, type of staphylococcal infection in man. Inoeula of approxi- 
mately 10° organisms were injected into three groups of 45 mice, one group for 
each strain. A comparison of the bacterial population curves for these 3 strains 
showed no essential differences (lig. 7). The inocula administered were very 
nearly equal, and there was close agreement in the 1 hour observations (Fig. 7). 

Considerable difference, however, was observed in the mortality after in- 


jection of these 3 strains. During the 10 days of highest mortality only 4 





animals infeeted with the Lord strain died (Fig. 8). A somewhat greater 
LORD STOVALL WINNEPEG 
10% 


% DEATHS / DAY 
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Fig. 8 Mortality data from the experiment shown in Fig. 7 


iortality was encountered with the Winnepeg strain, for 14 animals died during 
he initial 10 day period. A much higher mortality rate was observed in those 
nimals infected with the Stovall strain. 
rst 10 days of infection. 


A total of 22 animals died within the 
This death rate made it impossible to continue 
bservation on the bacterial population curves after 16 days, as was done with 
ic other 2 strains used. It should be noted that mortality data represent only 
lose animals which died spontaneously of infection. The total sample, from 
hich the mortality percentages were caleulated, also includes the animals killed 
” microbial enumeration; it is highly probable that many of these animals 
ould have died spontaneously had they been allowed to do so. 


This factor 
nds to minimize the incidence of mortality observed. 
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Gross lesions observed in the mice infected with the Lord and Winnepeg 
strains were essentially the same as those deseribed above whieh were observed 
with S. A. 235 and Strain W. B. The animals infeeted with the Stovall strain, 
on the other hand, showed a marked dissemination of infection. Besides cortical 
abscesses in the kidney, numerous abscesses were encountered in the liver, lymph 
nodes, abdominal and thoracic walls, heart, and lunes of these animals. This 
extreme degree of dissemination of infection has not been eneountered in our 
laboratory with any other staphylococeal strain, regardless of inoculum size. In 
view of the extensive spread of the staphylococeal infection in these animals, it 
is not surprising that an unusually high death rate was also encountered. 
Comment—Injection of comparable inocula of several staphylococeal strains 
resulted in equally comparable bacterial population curves. The widely differ- 
ing death rates and extent of infection emphasize that the course of an intra- 
venously injected staphylococeal infection, in a given organ or set of organs, 
does not necessarily reflect all aspects of the pathogenicity of that strain for 


the animal as a whole. 


EFFECTS OF PENICILLIN AND CORTISONE UPON THE 
STANDARD INFECTION 
The infeetion produced by an inoculum of approximately 10° organisms of 
the S. A. 235 strain was used for these experiments. With this inoculum the 
eventual fate of the staphylococci was apparently determined in the first few 
days of infection (Fig. 1). The experiments were designed, therefore, to de- 
termine the alterations produced by effective antibiotie and hormone prepara- 
tions upon the initial phase of the infection, and upon the infection which had 


heecome established after several weeks’ duration. 


Alterations Induced in the Initial Phase of Infection. 


Method: Preliminary investigation demonstrated a marked antibiotic effect upon the 
experimental infection of 1.5 mg. procaine penicillin G, administered once each day. In order 


2 different cortisone doses were given, and massive 


to achieve a significant hormone effect, 
adrenocorticotrophie hormone administration was undertaken. Six groups of 50 mice each 
were used for the experiment. 

Drug administration was begun 48 hours prior to infection in 5 of these 6 groups 


of animals. The treatment schedules were: 


Groups 1 and 2—cortisone acetate, administered intramuseularly it 


2 equal doses at 


12 hour intervals with the total daily dosage in Group 1 of 0.2 mg. per mouse, and 2.0 mg 


per mouse in Group 2. 


Group 3—aqueous adrenocorticotrophic hormone, administered intramuscularly at 
hour intervals in 3 equal doses with a total daily dosage of 6.0 mg. per mouse. 

Group 4—procaine penicillin, 1.5 mg. per mouse intramuscularly each day. 

Group 5—procaine penicillin, 1.5 mg. per mouse intramuscularly each day, plus 
cortisone acetate administered intramuscularly at 12 hour intervals in the 2.0 mg. daily 
dosage. 

Group 6—controls: 0.1 ml. sterile 0.85 per cent saline per mouse injected intra 


muscularly each day. 
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Results: As may be seen in Figs. 9, 10, and 11, all 3 hormone regimens 
were associated with bacterial populations at a higher level than was present in 
the control group. It is noteworthy that the lower cortisone dosage and the 
adrenocorticotrophie hormone failed to produce as striking or as consistent effeets 
as the higher daily dosage of cortisone. 

The effects of the higher dosage of cortisone were marked. Significantly 
higher bacterial populations were achieved and maintained in the kidney (Fig. 
9). No suggestion of a decrease in bacterial population, usually obvious by the 
twenty-first day, was noted. The spleen was no longer capable of reducing the 
bacterial populations, and the populations were maintained at a high level (Fig. 
10 In the lung, the bacterial populations were also maintained at a_sig- 
nificantly higher level than was present in the untreated animals (Fig. 11). 

The animals given penicillin alone demonstrated consistent decline, but not 
eradication of the staphylococcal populations. In the kidney, the bacterial 
populations failed to multiply, and underwent progressive decline (Fig. 12). 
The only kidneys without culturable organisms were from the group that re- 
ceived penicillin alone, and represented approximately one third of all of the 
evaluations performed in this group. A decrease in the bacterial population of 
the spleen more rapid than that seen in the control group was not achieved by 
penicillin (Fig. 13). Exactly the same number of animals in the penieillin and 
control groups had spleens from whieh staphylocoee: were not cultured. —Al- 
though the bacterial populations of the lungs underwent an initial decrease, this 
did not continue, and the number of staphylococci persisted at a fairly stable 
level (Fie. 14 

The results of the concurrent administration of cortisone and penicillin are 

perhaps less well defined. Although a definite lag in multiplication oeeurred 
in the kidney, an increase comparable to that seen in the control group was 
achieved by the end of the first week (Fig. 12). Because of an inadequate 
number of observations on the twenty-first day, the downward trend should be 
regarded lightly. <A similar trend at the twenty-first day was not = ob- 
served in repeat experiments. In the spleen, an initial decrease greater than 
that seen in the animals given cortisone alone occurred, but this trend was re- 
ersed by the fifth day. Thereafter a slow inerease occurred in the bacterial 
opulations in the spleen (Fig. 13). The bacterial populations in the lung were 
lot strikingly different from those of the control group, although they were 
iaintained at a slightly higher level (Fig. 14). 

Comment: The influence of cortisone upon the populations of all 3 organs 
‘uring the initial phase of infection was essentially the same, and resulted in 
iirly stable populations at levels higher than usually observed in the kidneys 
nd lungs, and maintenance of the initially high levels in the spleen. Penieillin 
lone was able to effeet reductions in the populations of the kidneys and lungs, 
it not in the spleen. When penicillin and cortisone were administered eon- 
irrently in these selected doses, eventually the effect of cortisone was more 
‘ominent than the influence of penicillin. 
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Fig. 9.—Effect of massive adrenocorticotrophic hormone or cortisone administration up: 
the bac erial populations (S. A, 235) in the kidneys of mice. 
Fig. 10.—Effect of massive adrenocorticotrophic hormone or cortisone administrati« 
upon the bacterial populations (S. A. 235) in the spleen. 
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Fig. 12.—Effect of steroid and/or antibiotic administration (cortisone, penicillin, and 
tisone plus penicillin) begun before infection upon the bacterial populations (S. A. 235) in 
kidneys. 
_ Fig. 13.—Effect of steroid and/or antibiotic administration (cortisone, penicillin, and 
— plus penicillin) begun before infection upon the bacterial populations (S. A. 235) in 
spleen. 
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Effects Upon the Stabilized Infection —Subsequent experiments were 
undertaken to determine whether equally striking alterations would be produced 
by the introduction of penicillin, cortisone, and penicillin plus cortisone after 
the infection had become established. Four groups of 35 mice were infected with 


an inoculum of 13.5 «x 10° S. A. 235, and drue treatment was begun on the 
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Fig. 15 Effect of steroid and/or antibiotic administration (cortisone, penicillin, a! 


cortisone plus penicillin) begun 4 weeks after infection (S. A. 235) on the bacterial 
(2 


populatior 
2 days prior to evaluation) in the kidneys. 


Fig. 16.—Effect of steroid and/or antibiotic administration (cortisone, penicillin, ar 


cortisone plus penicillin) begun 4 weeks after infection (S. A. 235) on the bacterial populatio! 
(2 days prior to evaluation) in the lungs 


twenty-seventh day. The daily dosage of cortisone was 2.0 mg. per mou 
administered intramuscularly in 2 equal doses at 12 hour intervals; procai! 
penicillin was administered in a single daily dose of 1.5 mg. per mouse. On 
the bacterial populations in the kidneys and lungs were studied. 
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Results: The kidney populations underwent steady increase in the ecorti- 
sone-treated group (Fig. 15). Penicillin again effected a marked and consistent 
reduction but not eradication of the kidney populations. Coneurrent administra- 
tion of cortisone and penicillin did not produce significant variations from the 
results in the control group although a suggestion of baeterial population in- 
crease was seen on the tenth day of drug treatment. 

Cortisone produced a more consistent but less marked inerease in the stabi- 
lized populations of the lung (Fig. 16). Penicillin induced a moderate de- 
crease in the first few days of treatment with the bacterial populations persist- 
ing at a lower level. A slow, steady inerease was observed in the lung popula- 
tions of the animals given both cortisone and penicillin, which produced results 
on the last day of the experiment comparable to those in (he group of animals 
given cortisone alone. 

Comment: Cortisone, penicillin, and cortisone plus penicillin produced 
alterations in the stabilized populations of the kidneys and lungs which were 
essentially similar to those produced by treatment of the animals prior to in- 
fection. The effects of cortisone and penicillin upon the staphylococeal popula- 


tions of the kidney were less evident, however, in this short-term experiment. 


DISCUSSION 


The failure of a quantitative microbial enumeration technique to reflect 
significant differences among the several strains of staphylococci utilized causes 
one to re-examine concepts of pathogenicity. The host-parasite relation in a 
single organ and the total effeet upon the host of parasitism may present widely 
divergent findings. The fate of staphylococci in the mouse depends in large 
measure upon the organ of initial implant; for example, the staphyvlocoecus 
which multiplies in the kidney with extensive tissue destruction may produce no 
detectable disease in the spleen although similar tissue concentrations of staphylo- 
cocel may be present at the outset. The lung seems to represent a ‘middle 
vround” of the host-parasite equilibrium which is subject to alteration in either 
direction. The present experiments only confirm these organ differences. As to 
the reasons for these differences, one may merely speculate on the roles of certain 
ocal histologic or anatomic features, sueh as the abundanee of reticuloendothelial 
lements in the spleen or the vulnerable vaseular supply of the kidney. 

It is of particular interest that the size of the intravenous inoculum was a 
significant factor. Only inocula in a relatively narrow range of bacteriologie 

ieasurement were eapable of establishing effective equilibrium between the 
taphyloeoccus and the host. Below this range no significant evidence of disease 
vas noted; above this range the early death of the animals ensued. 

The rapid and predictable death after intravenous inoculation of 10° 
ving organisms of several different staphylococcal strains was an impressive and 
litially unexpected event in these experiments. Since a living culture and a 

to 7 hour interval between inoculation and death was required for this effect, 
seems likely that the death is related to multiplication of the injected staphylo- 
«ei. Subsequent experiments have confirmed that multiplication does oceur 
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within 4 hours after inoculation and that overwhelming bacteremia is present in 
those animals alive at the sixth hour.’ It is conceivable that death of the animals 
is due to the unsuecessful competition of the host with the rapidly multiplying 
staphylococci for vital enzymes or other substrates. Another explanation might 
involve the rapid production by the multiplying staphylococci of lethal con- 
centrations of exotoxin, such as alpha hemolysin. Efforts to confirm this by im- 
munization of the host against the effects of alpha hemolysin have so far been 
equivocal. The known lethal effects of alpha hemolysin are consistent with the 
type of death observed in the mice.* Moreover, hemolysin production was the 
only known feature common to all the lethal strains tested. 

The absence of correlation between mortality and the bacterial population 
was not anticipated. In the experiments involving several pathogenic staphylo- 
coceal strains, enumeration of the bacterial populations in the lung, spleen, and 
kidney were almost identical vet the mortality varied markedly. From the 
extent of the gross lesions and the mortality from infection with strain Stovall, 
it is quite apparent that this strain possessed much greater virulence for the 
mice than any other strain used. The Strains Lord, Winnepeg, W. B., and S.A. 
235 were qualitatively similar to Stovall in enzyme, toxin, and pigment pro- 
duction, vet the latter strain produced a more widely disseminated infeetion with 
a higher mortality. It is possibly of some significance that the infection from 
which the Stovall strain was isolated was a widely disseminated one which caused 
the death of a 13-year-old Negro girl. She had experienced several bouts of 
staphylococcal pneumonia. At postmortem examination diffuse microabscesses 
of the liver were present despite long-continued antimicrobial therapy. The 
disease produced by this strain seemed quite similar in both man and mouse. 

The dosages of penicillin and cortisone used in these experiments were 
selected on the basis of alteration produced in the expected fate of the staphylo 
coeci. The demonstrated effectiveness of the dosage of each used singly, how 
ever, was of little help in predicting the results when the 2 were given con- 
currently. The consistent eventual predominance of the steroid effeet probably 
could be lessened by a lower dosage of cortisone. Nevertheless, it is abundant], 
apparent that in at least 1 combination, excessive steroid administration was 
uniformly capable of reversing the course of infection under effective anti 
biotie dosage. 

The essential similarity of the results of pretreatment and delayed treat 
ment suggests that the alterability of the baeterial populations is not marked]) 
affected by the development of staphylococcal disease or by the duration of th: 
infection. It is most intriguing to view the results of the pretreatment experi 
ment in terms of antibiotic prophylaxis as opposed to treatment. Little dit 
ference in the resultant bacterial populations of the lungs or kidneys was eviden' 
in the pretreated animals when contrasted with the findings in the delayed treat 
ment group. With regard to the spleen, pretreatment with penicillin failed t 
produce a more rapid or profound decline in the populations than was observe: 
in the untreated animals. 














lo 
—_ 
wh | 


Volume 55 EFFECTS ON STAPHYLOCOCCAL INFECTION IN MICE 


SUMMARY 


Experiments employing microbial enumeration techniques in the study of 
staphylococeal infection in mice are presented. The effeets upon the bacterial 
populations of the individual organs, by variations in the size of the inoculum 
and the strain of staphylococcus, are described. The alterations in the fate of 
staphylocoeci induced in mice by the administration of an effective antibiotie and 
cortisone, used singly and in combination, are reported. 
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IRON ABSORPTION, ILL THE INFLUENCE OF TRON STORES 
ON IRON ABSORPTION IN THE NORMAL SUBJECT 


Giacomo Prrzio-Birout, M.D., AND CLEMENT A. Fincu, M.D. 
SEATTLE, WASH. 


With THE TECHNICAL ASSISTANCE OF BetTry LODEN 


T IS generally acknowledged that body iron in the normal adult is maintained 
| within fairly narrow limits. Since there is no effective excretory regulation, 
this implies a control of iron absorption in keeping with the iron content of the 
body. Tron absorption has been previously shown to be increased in iron de- 
ficiency and decreased when iron stores are massive.'. In the present study 
the effect of altered iron stores on iron absorption was examined in’ human 
subjects whose blood hemoglobin and plasma iron levels were within normal 
limits. 

MATERIALS AND METHODS 


The study was performed with the collaboration of 8 men between 20 and 30 years of 


age. These men were in good health through the 2 years of study. None of these people 


had taken medicinal iron. The only known blood loss consisted of previous blood donations 
by 3 of the subjects. Subject J had given two donations 6 months before the study, Sub 
ject B had one phlebotomy 6 months before the study, and Subject P had given one donation 
10 months before the study. They were divided into two groups of 4 subjects each, one of 
which will subsequently be referred to as the iron-depleted group and the other as the iron 
loaded group. 

Subjects of the iron-depleted group underwent 6 phlebotomies carried out at 14 day 
intervals. The study began Nov. 26, 1956 (day one). <A total of approximately 2,600 ml. 
blood or 1,250 mg. iron was removed from each subject. Hematocrit and plasma iron values 
of these subjects during the period of bleeding are shown in Table I. Subjeets of the iron 
loaded group were given 500 mg. injections of iron dextran intramuscularly on days 80, 90, 
and 99 of the study. Their total increase in body iron was therefore approximately 1,500 mg. 

During this study the subjects were on a normal diet without medications or othe 
supplements containing iron. The only known blood loss was a single phlebotomy of about 
#25 ml. donated by Subjects G and D on the two hundred and seventy-third day of the 
experiment and by Subject M on the three hundred and eightieth day of the experiment. 
\t intervals over the 753 days of the study observations were made in both groups of the 
hematocrit and plasma iron (Tables II and IIIT), and the iron-binding capacity of the 
subjects. Absorption studies were performed on days 188, 563, and 748. 

Lron absorption Was measured by a double isotope technique previously deseribed.!: = 
The method consisted of administration of a measured dose of 1 isotope of iron (either 


Fe®> or Fe5%) by mouth and a simultaneous intravenous injection of the second isotope of 
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iron. The oral iron was given in tracer amount in water as Fe Cl, to the subjects in the 


morning during the intake of a standard meal containing 4.6 mg. food iron. The 


intra 
venous iron was injected as ferric citrate as previously deseribed.4 The doses of isotope 


ye Fess or 5 pe Fe, The intravenous dose of the 
yor 5 to 10 pe Fe 


administered by mouth were 15 to 60 


second isotope was l to 2 Me Best 


Duplicate samples of blood were drawn from each subject 2 weeks later and the counts 
I | J 


of each isotope determined on the electroplated sample. 


Counts of both Isotopes were at 
levels of 1 to 


10 times background, except for the third absorption test on iron loaded sub 


jects, When the Fe5> counts which had been absorbed were only equal to background in 


Group B subjects. The per cent absorption was calculated from the ratio of the 2 


isotopes 


in the blood and the amount of each isotope administered according to the following formula: 


x 
‘ fi x! 
Per Cent Absorption <« 100 

bd 

when vl activity of Fee! in blood. 

s activity of Fee! ingested. 

x! activity of Fel’: in blood. 

X activity of Fe! N injected. 


Plasma iron was determined by the method of Bothwell and Mallett.5 Tron-binding 


capacity of plasma was determined by the method of Rath and Finch,® the method of Ressler 
and Zak,? and by an unpublished method in which increments of radioiron were added to 


plasma and the point of saturation determined by radioautographs of the plasma which had 
been subjected to electrophoresis. Plasma iron turnover was measured as described else- 
Ilematoerits were determined by centrifuging blood in Wintrobe tubes at 2,260 g 
for 30 minutes. 


where.4 


RESULTS AND DISCUSSION 
The plan of this study was to alter body iron stores to a degree whieh might 


eecur spontaneously in ‘‘normal’’ subjects and to study iron absorption at a 


time when blood values showed no abnormality. The amount of blood removed 


from subjects in Group A was designed on the basis of previous studies* to 


exhaust iron stores. The depression of plasma iron to below 50 pg per cent in 


4+ of the 4 subjects during the period of bleeding (Table I 


) is consistent with 
this, 


The fourth subjeet (lL) may be presumed to have had larger iron stores 


whieh were not exhausted, since his lowest plasma iron was 79 we per eent. In 


the iron-injeeted group the 1,500 mg. of iron injected may be assumed to be 


TABLE I. HEMATOLOGIC VALUES DURING PHLEBOTOMY 


DAYS 
SUBJECTS DETERMINATION 0 5 28 73 89 101 
L Plasma iron (ug % 74 79.0 
Hematocrit (%) 47.5 14.0 10.5 $1.5 43.0 
Z Plasma iron (ug %) 157 18.0 
Hematocrit (% 49.5 16.5 17.0 47.5 16.0 
M Plasma iron (ug %) 191 32.0 
Hematocrit (%) 43.0 38.5 40.0 40.5 
P Plasma iron (ug %) 124 38.0 
Hematoerit (%) $7.0 45.0 45.5 42.0 45.5 
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deposited in body tissues as storage iron.’** Thus Group A represents subjects 
with very limited iron stores (0 to 500 me.) whereas in Group B iron stores 
are in the vicinity of 2 to 3 Gm. 

Hematocrit values of each subject from day 188 to day 748 are summarized 
in Table Il. There was no significant difference between the 2 groups. Reticulo- 
eyte counts performed twice at the end of the study indicated values below 2 per 
cent in subjects of both groups. Plasma iron turnover performed on day 748 
gave an average value of 0.70 mg. per 100 ml. whole blood (range: 0.55 to 0.92 
in the iron-depleted group and 0.57 (range: 0.56 to 0.60) in the iron-loaded 
group. There was then no recognizable difference in erythropoiesis in these 2 
groups. 

Plasma iron values between the one hundred and eighty-ninth and seven 
hundred and fifty-third days of the experiment are summarized in Table III. 
It was of interest that the average of the plasma iron values of the iron-depleted 


TABLE II. HEMATOCRIT VALUES IN PER CENT 





DAYS 
LSS 563 638 677 748 
SUBJECTS HEMATOCRIT VALUES (% 
Group A 
(Lron-depleted 
L 48.0) 48.8 46.0 50.0 50.3 
Z $9.8 51.6 $7.0 52.2 50.4 
M $4.5 $1.2 $4.3 $4.6 15.1 
Pp 19.0 50.0 $0.5 18.5 $8.1 
Average 47.8 47.9 16.7 $8.8 iS.4 
Group B 
( Lron-loaded ) 
B 47.3 46.0 48.6 $8.5 45.7 
I) $7.0 46.2 46.8 45.2 17.9 
G 48.8 47.5 $5.6 $8.5 48.5 
J $7.2 47.0 43.2 47.5 18.7 
Average $7.5 46.6 46.0 17.3 17.7 
TABLE III. PLASMA IRON CONCENTRATION 
DAYS 
1&9 257 | 470 D47 D65 603 638 793 
SUBJECTS PLASMA IRON CONCENTRATION (wG PER 100 ML.) 
Group A - ; 
(Llron depleted ) 
L, 145 143 112 72 192 79 65 137 
Z 112 152 203 104 167 244 189 174 
M 139 127 167 114 37 115 59 96 
Pp 77 115 227 117 191 85 136 12] 
Average 118 134 lUlt( i‘ 172 131 112 32 
Group B : i iii c : 
( Lron-loaded ) 
B 148 140 96 77 90 139 130 91 
D 108 137 91 160 142 67 86 101 
G 132 151 91 143 137 75 72 70 
J 139 23 99 104 57 122 111 103 
Average 132 = «137—~=CiCté‘zS 421 106 ~=~=—«d10—i(<ti‘iédi 0 91 





_— ;J#ss than 10 per cent of the iron from injected saccharated iron oxide is lost in thé 
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eroup was slightly higher (138 pg per cent) than the average of the iron-loaded 
subjects (110 pe per eent). Total iron-binding capacity of plasma was de- 
termined on the 8 subjects on 5 different oceasions. On days 547, 563, and 602 
the average values by the electrophoretic technique for iron-depleted subjects 
were 302, 322, and 326 ne per cent and for the iron-loaded group 321, 306, and 
283. Determinations by the method of Ressler and Zak? on days 677 and 745 
gave average values 41 and 34 pe per cent higher in the depleted group. Thus, 
over a 206 day period plasma iron averaged 33 ve per cent higher and total iron- 
binding capacity 24 pe per cent higher in the iron-depleted subjects. The 
average per cent saturation of transferrin was 44 per cent in the bled subjects 
as compared to 35 per cent saturation in the iron-loaded group. These average 
changes are slight compared to the large variations seen in the same individual 
at different sampling periods. Likewise, interpretation is difficult in the absence 
of extensive base-line data in these individuals before their iron stores were 
altered. Nevertheless, the direction of these differences is of interest, higher 
plasma iron values being found in the depleted subjects. Certainly the plasma 
iron level may give no clue to alterations in iron stores. 

Three separate measurements were made of iron absorption (Table ITV). 
Over a 2 year period (days 196 to 748) absorption by the iron-depleted group 
averaged 19 per cent as compared to + per cent in the iron-loaded group. These 
values are to be compared to a previously established normal of 5.3 per cent. 
While absorption in the iron-loaded group is essentially normal, the value of 
19 per cent in the iron-depleted subjects is distinetly elevated, and comparable 
to the average value of 22 per cent found previously in 8 iron-deficient subjects 
with anemia. Thus individuals with iron-depletion without anemia can have the 
same enhaneement of dietary iron absorption seen with iron-deficiency and 
anemia. It seems likely that previous measurements of the normal range of iron 
absorption may have ineluded subjects with depleted iron stores. 


TABLE LV. IRON ABSORPTION MEASUREMENTS 


DAYS 
196 563 | 748 
SUBJECTS IRON ABSORPTION (Q% OF DOSE ADMINISTERED ) 
Group A a 7: er 
(Lron-depleted ) 
4 8.6 11.5 12.5 
Z 18.3 29.3 16.7 
M* 23.4 33.60 28.8 
Pt 21.4 15.0 14.4 
Average 17.9 22.3 18.1 
Group B 
( Lron-loaded ) 
Bt 6.8 5.0 9.4 
D* 2.4 1.8 6.5 
G* 1.8 LZ 5.2 
Jt 4.4 3.8 3.1 
Average 38 7 3.1 6.1 





*One blood donation during the study. 
tBlood donation before the study. 











220) PIRZIO-BIROLI AND FINCH | weg ecpscs —_ 

These studies are not considered conclusive in defining the relation of in- 
creased iron stores to iron absorption. Tron injected as iron dextran is ¢on- 
tained within reticuloendothelial cells.” It may be that parenchymal iron 
rather than reticuloendothelial iron is important in altering iron absorption. 

The manner in which iron stores regulate iron absorption is unknown. It 
is not mediated through changes in plasma iron or transferrin, hemoglobin 
level or erythropoiesis. It seems unlikely that mucosal cells could accurately 
reflect iron stores in their own iron content, since these cells are being rapidly 
exfoliated and replaced.’ It seems more logical to assume that some organ 
particularly involved in iron storage, such as the liver, may affect the metabolic 
machinery of body cells in a way that favors transport of iron across their 
membranes when iron stores are low. We would suggest that the slightly higher 
plasma iron level in the iron-depleted group is a reflection of the altered gradient 
between cells and plasma. 


SUMMARY 


In one group of 4 normal individuals iron stores have been enlarged and in 
a second group iron stores have been depleted. Despite the fact that plasma 
iron and hematocrit values were similar in these 2 groups of subjects, absorption 
of food iron over 2 vears was increased to the iron-deficient level in the depleted 
group and was normal or slightly depressed in the iron-loaded subjects. These 
studies indicate that depleted iren stores will be replenished through enhaneed 


absorption. 
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SERUM SEROMUCOLID AND ACID MUCOPOLYSACCHARIDE IN TILE 
MARFAN SYNDROME 


HABEEB BaccHuus, PH.D., M.D.* 
WASHINGTON, D. C. 


SLGNIFICANT decrease of serum mucoproteins (seromucoid?) was ob- 
A served in patients with the Marfan svndrome.' It was also demonstrated 
that the serum levels of seromucoid decreased in response to the ingestion of 
ascorbie acid by these patients, in contrast to a lack of any alteration in the 
seromucoid of normal control subjects. Decreased levels of serum seromucoid 
have previously been observed in patients with hepatobiliary disease, certain 
endocrinopathies, and nephrosis.* In our studies,' as well as in others,® sereen- 
ing tests of endocrine function failed to reveal any overt endocrine disturbances 
in patients with the Marfan syndrome. Similarly, we have been unable to 
implicate hepatocellular damage as the basis of the deereased seromucoid in 
patients with this svndrome. Although there is no clear-cut evidence that these 
substances participate in the metabolism of connective tissues, the data of Cateh- 
pole and Gersh* ° are suggestive of such a relationship. For example, it was 
observed in their studies that in experimental and pathologie situations char- 
acterized by depolymerization of ground substance there occur significant altera- 
tions in the serum seromuecoid substances. Since the Marfan syndrome has been 
classed as a disease of certain connective tissues,” our obervations on this syn- 
drome were considered to be suggestive of a relationship between seromucoid 
and connective tissue metabolism in this syndrome. Other workers’ classification 
of the serum seromucoids among ‘‘acute phase reactants’’ is based on studies 
in rheumatie fever and other infections.* In such situations, however, there is 
an inerease in the seromucoid. 

Other carbohydrate-containing substances which occur in the serum, the 
icid mucopolysaccharides, have also been termed ‘*acute phase reactants’’ under 
‘ertain disease conditions. There are data, however, which suggest that such 
substances might be related to certain components of ground substance.” > The 
iid mucopolysaecharides have been shown to be altered in diverse disease 
rocesses also. There are significant increases in serum acid mucopolysae- 
harides in patients with rheumatoid arthritis, nonrheumatoid inflammatory 
onditions,* and certain carcinomas.’? It is particularly interesting that, in gen- 
ral, the situations characterized by increased serum acid mucopolysaeccharides 
re also found to be associated with increased levels of seromucoid, 


From the Metabolism Clinic, Providence Hospital, Washington, D. C. 

Received for publication May 28, 1959. 

*Address: Farragut Medical Building, 900 17th Street, N.W., Washington, D. C. 

+The term mucoprotein was used in previous papers to denote the perchlorate-soluble, 
1osphotungstate-precipitable substance from serum. The term seromucoid has been suggested 
the appropriate term for this fraction, and is so used in this paper. 
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This paper presents data indicating a significant increase in serum acid 
mucopolysaccharides in patients with the Marfan syndrome. Our earlier ob- 
servations on the decreased serum seromucoid in this syndrome have been con- 
firmed and extended. The data suggest that there is no qualitative difference 
in the seromucoid in patients with the Marfan syndrome. 


MATERIALS AND METILODS 


These studies were conducted on 6 patients with the Marfan syndrome. Four of these 
patients are from the family studied previously,! and they were seen at intervals in the 
Metabolism Clinic. Pertinent clinical information is presented in Table 1; this Table refers 
back to Table IL of the previous paper! so that it is possible to gauge the progress of the 
disease since the time of the previous study. Two other patients are an 18-vear-old white 


man who was essentially asymptomatic during the eourse of this study, and a thirty-four 





year-old Negro woman who was hospitalized for chronic congestive heart failure. Control 


TABLE I. CLINICAL DATA ON PATIENTS WITH THE MARFAN SYNDROMI 


AGE 

SUBJECT YEAR SEX CLINICAL INFORMATION 

KX. 19 M Asymptomatie since previous study. Two previous episodes 

(Case 1)* of pneumohemothorax. No recent problems except for 
myopia. 

DD. 15 I Cataract in left eye; subluxation of lens of right eye. 

Case 4 

Ss. 13 M Increase in height to 79 inches: recent onset of systolic 

(Case 5) murmur at third interspace, at left sternal border. 

R. 8 M Marfan syndrome diagnosis now confirmed. Listed but not 

(Case 7 studied previously. Dislocation right lens; arachnodactyly ; 
episode of rubeola during course of this study. 

New patients 

Ph. 18 M White; normal early development; tall, stoop-shouldered 
at age 4 years; fatigability, moderate photophobia, and 
marked myopia at age 9; kyphosis, dyspnea on exertion, 
discovery of **heart murmur’’ at age 14. Reeent discom 
fort in anterior chest on exertion. No family history of 
the Marfan syndrome. Tridonesis, bilateral ectopia lentis, 
gothic palate, kyphosis, pigeon breast, systolic apical thrust 
at fourth interspace at midelavicular line. Grade ILI to 1V 
systolic murmur at left sternal border. Arachnodactyly, 
slight hyperextensibility of joints. Urinalysis, normal; 
hemoglobin, 13.9 Gm. per cent; sedimentation rate, 82 mm. 
per hour, total serum proteins, 6.6 Gm. per cent; albumin, 
3.7 Gm. per 100 ml. Liver function tests, normal. EKG: 
vertical QRS vector pointing somewhat anteriorly. 

New patients 

Sm. 34 Negro F Family of tall people; visual difticulty, left eye; pulmonary 


tuberculosis treated 4 years ago; dyspnea on exertion. Gothic 
palate; slight kyphosis; no ectopia lentis, to and fro mur 
mur over aortic area, or along left sternal border. Diastolic 
thrill at apex; systolic and diastolic murmurs in aortie area. 
Aneurysm; sinus of Valsalva. Intractable chronie congestive 
heart failure. Hemoglobin, 11 Gm. per cent; total serum 
proteins, 5.2 Gm. per cent; albumin, 2.4 Gm. per cent. Liver 
function tests (protein tests), grossly within normal limits. 
EKG: left axis deviation, left ventricular hypertrophy, 
digitalis effeet. 

*The information in parentheses refers to the listing of these patients in the origin 


series, Table I! Pertinent background, and additional data are presented in the previo 
paper.! 
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subjects were drawn from the house and technical staffs of the hospital, and from healthy 
subjects who were seen in the hospital clinics. Among these are several subjects of similar 
ages and races as subjeets in the patient group. Most of the normal control patients of the 
previous study! are included in the present series. Routine complete blood counts, urinalysis, 
screening liver function tests, and certain sereening endocrine function tests were condueted 
on all of the patients with the Marfan syndrome, and on some of the control subjects. There 
Was no overt clinical or laboratory evidence of liver disease or of endoerine disease in either 


group of subjects, 


Chemical Mcthods.—Serum seromucoid was precipitated by the method previously used, 
based on the method of Winzler.1° Turbidimetrie measurements of the seromueoid from 0.5 
ml, amounts of serum were conducted according to the method of Popper and associates,11 
The seromucoid precipitated by phosphotungstic acid was washed twice with 95 per cent 
ethanol. The hexose content of the aleohol-washed seromucoid was determined by the oreinol 
reaction,!2 the fucose content of the seromueoid was determined by the method of Dische 
and Shettles,!3 and the sialie acid content of seromucoid was determined by the diphenylamine 
reaction as applied by Winzler.12 The hexosamine content of the precipitated seromucoid 
was determined after acid hydrolysis for 4 hours.14 The acid mucopolysaccharide of serum 
Was separated using the method of Bollet, Seraydarian, and Simpson15; the turbidity, after 
addition of protamine sulfate to the sample, was measured at 400 my, after which the pre 
cipitate was determined for uronie acids.! In the preparation of the sera, the blood was 
allowed to clot in the refrigerator for 90 minutes, after which the serum was centrifuged 
for 10 minutes and drawn off. 

Scromucoid Chromatography.—The seromucoid precipitated by phosphotungstie acid 
from the perchlorate filtrate of 10 ml. serum (i.e., 5 to 10 mg. seromucoid) was taken up 
in 5 to 10 ml. of 0.1 N NaOH. This solution was dialyzed for 8 days against cold running 
tap water, followed by 2 days against phosphate buffer (0.01 M, pH 8.0) at 4° C. The 
solution was then evaporated to dryness in a flash evaporator, or to small volume by  per- 
vaporation. The adsorbent diethylaminoethyl cellulose (DEAE-celiulose) was prepared essen- 
tially according to the method of Fahey and associates.16 A Pyrex column 2.5 em, internal 
diameter was used for packing the adsorbent column. Two grams of DEAE-cellulose (230 
to 325 mesh) in phosphate buffer was poured into the Pyrex column and packed under low 
positive pressure to a height of 22 to 25 em. After starting buffer was run through the 
cellulose column, the seromucoid extract was applied with 5.0 ml. starting buffer. Gradient 
elution of the fractions was achieved by the system used by Fahey and associates!6; it was 
started at 0.01 M phosphate buffer at pH 8.0 with a gradual rise in molarity to 0.3 M, and 
«a decrease in pH to 4.5. The eluting solution was pumped through the column with the use 
of a fingerpump set at the appropriate rate. One complete run (total volume of 300 to 350 
ml.) was completed in 12 hours. The effluents were examined for protein content by meas- 
urement of the optical densities at 280 my in a Beckman DU spectrophotometer. ‘‘ Protein 


content’? was estimated by density readings at 280 my and at 260 muy.17 
RESULTS 

Serum Seromucoid Constituents in the Marfan Syndrome.—Total serum 
seromueoid levels in 4 members of the family presented earlier (1 of these not 
previously studied), who were again seen and studied along with 1 new pa- 
tient (Ph.), are presented in Table Il. These patients were essentially free 
‘f any acute symptoms at the time of these observations. The mean level of 
seromucoid in these patients was 68.0 + 5.5 mg. per 100 ml. serum, a value quite 
similar to that observed earlier... The serum seromucoid level in 40 eontrol 
subjects was 94.0 + 3.0 mg. per 100 ml. The difference between the seromucoid 


evels in two groups is statistically significant. The serum levels of seromucoid 
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hexose, hexosamine, sialic acid, and fucose are also significantly lower in the 
patients with the Marfan syndrome. It is especially noteworthy that the con- 
tent of these substances in seromucoid as per cent of seromucoid (e.g., sero- 
mucoid hexose per seromucoid x 100) is not altered in the patients with the Mar- 
fan syndrome, with the possible exception of fucose, which is about one-half the 
value compared to that in control subjects. These observations fail to reveal 


any qualitative differences between the seromucoids in control subjeets, and in 





subjects with the Marfan syndrome. | 





One of the new patients (Sm.) had chronie congestive heart failure when 
the serum samples were collected. The chemical data are not presented in Table 
I since the congestive heart failure was apparently associated with certain altera- 
tions in the serum seromucoid and its constituents. Total seromucoid levels | 


(replicate determinations) on 2 different occasions were as follows: 118 me. 
per 100 ml., and 105 meg. per 100 ml. The seromucoid hexose was 8.96 meg. per 
100 ml. serum (the hexose :seromucoid per cent 7.8), the seromucoid hexosa- 
mine was 12.5 mg. per 100 ml. (hexosamine :seromucoid per cent being 10.8), 
the seromucoid sialie acid amounted to 6.0 me. per 100 ml. (equivalent to 5.2 


per cent of the seromucoid), and the seromucoid fucose was 0.37 me. per 100 





ml., or 0.8 per cent of the seromucoid. 


.o~re ee 


TABLE II. SkEROMUCOID CONSTITUENTS IN SERUM OF PATIENTS WITH THE MARFAN 
SYNDROME AND IN NORMAL CONTROL SUBJECTS 


CONTROL (N 8)* | MARFAN SYNDROME (N 5) 
AS J OF AS JY Of 
MG./100 ML. TOTAL MG./100 ML. TOTAI 
SERUM SEROMUCOLD SERUM SEROMUCOLD 
Seromucoidt 94 +3.0¢ (n 40 68 +5.5 
Seromucoid hexose 7.42635 7.9 4.8 + 0.25 7.01 
Seromucoid 
hexosamine 9.2 +0.029 10.0 6.8 + 0.059 10.00 
Seromucoid sialic 
acid 1.2 +0.014 SS : 3.1 + 0.012 $.60 
Seromucoid fucose 0.46 (n 2) 0.5 O.17 (n 2) 0.25 
*Number of subjects in the control series 8, except for the value of total seromucoid 


which was obtained from 40 subjects. 
‘Total seromucoid determined by micromethod using 0.5 ml. serum. 
_ we <= (x x)? ‘ 
tS. E. \ where n = number of patients. 
n (n 1) 


TABLE III. Acip MuUCOPOLYSACCHARIDE IN SERUM OF PATIENTS WITH THE MARFAN 
SYNDROME AND IN NORMAL CONTROL SUBJECTS 






ACID MUCOPOLYSACCHARIDES 


AS GLUCURONIC ACID AS TURBIDITY UNITS 
uG./100 ML. SERUM O.D. 490/59 ML. SERUM 


















Normal control 
(n 10) 147 + 12.4" 0.120 + 0.008 









Marfan syndrome 
(n 






374 


P < 0.01 < 0.01 


*Standard error; see Table I. 


= 21.2 0.260 + 0.009 






























2o~e ae 





ari SERUM LEVELS IN MARFAN SYNDROME 220 


One patient with the Marfan syndrome developed an infection (rubeola) 
during the course of this study. The total serum seromucoid rose to 97 mg. 
per 100 ml. during this episode. The seromucoid hexose was 7.84 mg. per 100 
ml., and the seromucoid hexosamine, 10.5 mg. per 100 ml. Two weeks later, at 
which time the patient was asymptomatic, the level of seromucoid returned to 
68 mg. per 100 ml. 

Serum Acid Mucopolysaccharide in the Marfan Syndrome.—The mean level 
of serum acid mucopolyvsaccharide in the control subjects was 147 + 12.4 pe 
per 100 ml. The mean level in the 5 patients with the Marfan syndrome (none 
with acute symptoms) was 374 + 212 p»g per 100 ml. serum (Table IIT). Tur- 
bidity readings of the acid mucopolysaccharide precipitated by protamine sulfate 
were also consistent with the above observations. The oceurrence of rubeola in 
1 of the patients failed to significantly alter the level of acid mucopolysac- 
charide from that observed in an asymptomatie period. 

Seromucoid Chromatography. The gradient elution of the seromucoid ex- 
tract from 10 ml. serum from DEAE-cellulose columns revealed 3. fractions 
which occur relatively early in the elution scheme (Table IV). All 3 fractions 
were present in the control subjects as well as in the patients with the Marfan 
syndrome. Representative patterns are presented in the table. The total sero- 
mucoid in the control subject was 9.0 mg. per 10 ml. serum; the total protein 
eluted in Fractions I, Il, and HI accounts for 8.6 mg., or 96 per cent of the 
total seromucoid. In Patient Ph., who had the Marfan syndrome, the sero- 
mucoid levels on 2 occasions were 6.8 mg. per 10 ml., and 6.3 mg. per 10 ml., 
respectively. Two runs of the extract on DEAE-cellulose revealed resolution 


TABLE IV. SEROMUCOLD CHROMATOGRAPHY ON DIETHYLAMINOETHYL (DEAE)- 
CELLULOSE COLUMNS 


NORMAL MARFAN SYNDROME 
CONTRO! (A) B) 

Total seromucoid: mg./10 ml. 9.0) 6.8 6.3 

Chromatographie fractions: 

I 

Eluted in tubes (number ) 4 te 15 8 to 15 14 to 19 

Total volume (ml.) 24.0 21.0 18.0 

O.D.xy (total peak) O.825 0.790 0.590 

‘* Protein content’’ (mg./10 ml. serum) 4.0 3.5 2.8 

‘*Protein’’ (% of seromucoid ) 15 52 44 

I] 

Eluted in tubes (number ) 17 to 20 17 to 19 21 to 25 

Total volume (ml.) 12.0 9.0 12.0 

O.D.xy (total peak ) 0.450 0.290 0.490 

‘*Protein content’? (mg./10 ml. serum) 2.57 1.38 2.35 

‘*Protein’’ (% of seromucoid ) 29 20 37 

ITI 

Eluted in tubes (number) 22 to 25 21 to 26 26 to 27 

Total volume (ml.) 12.0 12.0 6.0 

O.D.2s9 (total peak) 0.425 0.275 0.140 

‘* Protein content’’ (mg./10 ml. serum) 2.02 1.30 0.67 

‘*Protein’’ (% of seromucoid ) 22 19 1] 








Peaks I, II, and III were eluted off the cellulose at the Ph range of 7.5 to 6.0. 
“Protein content” estimated by the method of Kalckar." 
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into Fractions I, IT, and III, accounting for 90 per cent and 92 per cent of the 
total seromucoid. No major differences between the control subjects and the 
patients with the Marfan syndrome are noted in these fractions. It has not 
been possible to characterize these fractions due to the lack of sufficient amounts 
of the fractions. Three fraetions have been eluted by different methods." 


DISCUSSION 


The data demonstrate that there occurs a consistent decrease in the level of 
serum seromucoid in patients with the Marfan syndrome in the absence of any 
acute svmptoms. The transient rise of serum seromucoid in the 1 patient with 
rubeola confirms our earlier observation that in patients with the Marfan syn- 
drome the seromucoid response to infections may be normal.' The various tech- 
niques emploved for studvine the seromucoids, chemical fractionation, and 
adsorption chromatography failed to reveal any significant qualitative difference 
in the seromucoid in patients with the Marfan syndrome. The somewhat de- 
creased fucose content in 2 patients studied suggests that further study on this 
point might be revealing. 

The other clinical situations characterized by decreased serum seromucoid, 
namely, hepatocellular damage, nephrosis, and endocrine diseases, seem to be 
unlikely in these patients. These patients exhibited normal levels of total serum 
proteins, serum albumin, and serum globulin, and sereening liver function tests, 
as well as sereening endocrine tests, were within normal limits. In addition, the 
unaltered hexose content of seromucoid (i.e., 7 per cent) is probable evidence 
against hepatocellular damage. Greenspan's? extensive data revealed that in 
patients with hepatocellular disease there is a decrease in seromucoid protein 
content with a rise in the relative concentration of hexose. 

The actual significance of seromucoids in the serum is still not clear. These 
substances have been classed as acute phase reactants which inerease in response 
to various stimuli." * 


While the major portion of these substances is probably 
released from the liver,’ it has been proposed on the basis of other data*! ** that 
the seromucoid in the serum might refleet tissue proliferation as well as tissue 
injury. Shetlar and co-workers*' ** have proposed that the increase of these 
substances reflects the process of tissue proliferation. The data of Catehpole 
and associates* ° suggest that increased seromucoid refleets tissue depolymeriza- 
tion. The suggestion has been made! that the decreased seromucoid following 
ascorbie acid ingestion by patients with the Marfan syndrome might reflect 
connective tissue deposition. These suggestions require more definitive proof. 
The acid mucopolysaccharides in the serum have been shown to be chon- 
droitin sulfatelike substances’ * 1°; these substances are probably identical with 
components of ground substanee.*** In view of this relationship, the observa- 
tions in patients with the Marfan syndrome seem particularly interesting. I 
has been shown that these substances increase in a variety of conditions.* 
In a recent study’® we have observed increased serum acid mucopolysaccharides 
in a variety of malignant and nonmalignant diseases. It is especially note- 
worthy that in such situations a parallel increase in the serum seromucoids 
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almost invariably oceurs (unless there is associated hepatocellular disease). The 
pattern of increased acid mucopolysaccharides and deereased seromueoid in the 
serum of patients with the Marfan syndrome might be of considerable clinical 
as well as pathogenetic signifieance. It is hoped that tissue (skin biopsy) acid 


mucopolysaccharides will be studied in the near future in these patients. 


SUMMARY 

The serum levels of seromucoid and acid mucopolysaccharides were studied 
in patients with the Marfan syndrome and in control subjects. There is a sig- 
nificant decrease in the serum seromucoid level in patients with the Marfan 
syndrome. The acid mucopolysacecharides in the serum are significantly in- 
creased in patients with the Marfan syndrome. Chemieal studies on the sero- 
mucoid (seromucoid hexose, hexosamine, sialie acid and fueose, and adsorption 
chromatography on diethylaminoethyl-cellulose) failed to reveal any qualitative 
differences in the seromucoid in patients with the Marfan syndrome. These 


data are discussed in relation to pathogenetie and elinieal aspects of the disease. 
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NOTICE 


A Grant Award for travel funds to the First International Congress of Nephrology 
in Geneva, Switzerland, Sept. 1, 2, and 8, 1960, has been awarded by the U.S.P.HLS. to the 


Amercian Society for Clinical Investigation. 

Members and nonmembers are eligible to apply for travel funds to the Congress. 
Funds are available to send 20 individuals to the meetings. 

Applications for funds should inelude in quadruplicate: (a letter of application stating 
interest in the field and in the Congress, and (b) curriculum vitae. 

The deadline for receipt of these is March 1, 1960. Awards will be made around 
March 15, 1960. 

Applications should be sent to Saul J. Farber, Secretary, American Society for Clinical 


Investigation, New York University College of Medicine, 550 First Avenue, New York 16, 
a A 














ANTIBODY IN MILK AND ITS ROLE IN PASSIVE IMMUNIZATION 


Davin S. GREENBAUM, M.D., aNd LLONAS MILLER, PH.D. 
FLEMINGTON, N. J. 


I. DrepuHTHertIA ANTITOXIN AND SALMONELLA PULLORUM AGGLUTININS IN 
Bovine MILK AND Bioop AFTER IMMUNIZATION BY UpDER INFUSION 


aeons and his eo-workers' suggest that the bovine udder responds 
to the injection of certain antigens in the teat canal by the secretion of a high 
concentration of specific antibodies directly into the milk. Immunization as 
a result of udder injeetion is said to produce higher eoneentrations of anti- 
hodies than more conventional routes, and these appear earlier and reach a 
higher level in the milk than in the blood. These authors report that ingestion 
of such milk gives considerable passive immunity. 

If an adequate amount of antibody ean be produced in milk by this means 
and a sufficient amount is absorbed, passive immunization by the ingestion of 
such milk is feasible. In Part I of the present work the effeetiveness of mam- 
mary immunization was evaluated by comparing the diphtheria antitoxin 
coneentration in the milk and blood of 2 groups of cows, 1 group immunized 
by udder infusion, and the other by subeutaneous injection. The diphtheria 
toxoid antitoxin system was used beeause a single antigen-antibody reaction 
is involved; the reaction is well understood: the antitoxin determination ean 
he made with relative accuracy; and protection against diphtheria toxin is 
proportional to antitoxin coneentration. The same cows were also immunized 
with Salmonella pullorum in repetition of Petersen’s experiments. The effect 
of mastitis on antibody levels in milk was studied, since udder infusion may be 
ocally irritating and may alter the antibody concentration in the milk. 


MATERIALS AND METHODS 


I. Immunization of Cows. 


A, Diphtheria toxoid: Eight pregnant Holstein cows were used. Fluid toxoid* was 
ijected through the teat canals into the right udder quarters of 6 cows, and 2 cows were 
jected subcutaneously. The left quarters of the 6 cows injected in the udder served as 
mtrols, since the secreting and ductile systems of each quarter are anatomically separate 
om those of the other quarters.7-8 Primary immunization was started in the ‘‘dry’’ period, 
nging from 43 to 2 days before parturition. The total dosage of toxoid varied from 20 

1,000 Lf into the udder, and 1,000 to 3,450 Lf subeutaneously. Booster doses of 10 to 
100 Lf into the udder, and 800 to 1,250 Lf subcutaneously, were given in an attempt to 
se the level of antibody in the milk. 

From the Department of Medicine, Hunterdon Medical Center, Flemington, N. J. 
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*Fluid toxoid, No. 79534, 50 Lf per milliliter, Sept. 6, 1957, supplied by Merck Sharp & 
hme, West Point, Pa. 
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Milk and colestrum were collected separately from the right and left quarters of the 
udder. Blood was drawn from the external jugular vein, allowed to clot, and the serum was 
removed. Early in the study blood was also obtained from the subcutaneous abdominal vein, 


All specimens were stored at 15 . 


B. Salmonella pullorum vaceine: Four of the eows were immunized with Salmonella 
pullorum vacecine* as well as with diphtheria toxoid. Two reeeived 5 ml. of vaccine in each 
left udder quarter, the right quarters being used for immunization with diphtheria toxoid. 
The remaining 2 were given 10 ml. subcutaneously, the same route by which they had pre 
viously received diphtheria toxoid. Immunization was started in 1 cow of each group in the 


, ow 


‘*dry’’ period, 2 and 6 days before parturition, and in the other 2, 22 and 96 days after 
parturition. Booster doses of 10 ml. were given to 3 of these cows, 2 injected in the udder 


and 1 subcutaneously. 


IT, Induction of Aeute Mastitis—The effect of acute mastitis on the level of antibodies 
in mk was determined in 1 cow. The mastitis was produced in the left quarters by the 
injec n of Salmonella pullorum vaccine in the teat canals. A booster dose of SOO Lf 
diphtheria fluid toxoid had been given subcutaneously 2 weeks before to ensure a measurable 
antitoxin concentration in the milk. Toxoid (500 Lf, 10 ml.) was injected into the right 
quarters as a control at the same time that the 10 ml. of vaecine was injected into the left 
quarters. Two weeks later, in order to control the experiment more fully, 5 ml. saline was 
injected into the right quarters for the control and at the same time 5 ml. of the vacein 
was injected again into the left quarters. Blood samples from the jugular vein and milk 
from right and left quarters were collected immediately before, 2 hours, 24 hours, and 1 
week after the injections into the udder. 

III. Determination of Antibody Conceintrations.— 

A, Diphtheria antitoxin: Antitoxin in blood serum and milk was measured by a modi 
fication of Fraser’s rabbit skin test.’ The skin test was performed on the shaven backs of 


white New Zealand rabbits. Five tenths milliliter of an aged crude toxin,t diluted in peptone 


L+ 


water to contain 100 units of toxin per milliliter was mixed with 0.5 ml. of the standard 
antitoxin diluted in saline. The standard antitoxin} dilution containing 0.015 unit per 
milliliter usually just neutralized the typical toxigenic skin reaction. The amount of anti 
toxin in the unknown samples was determined in the same way: various dilutions of the 
samples were mixed with the toxin, and the highest dilution which completely prevented the 
skin reaction was noted. Preliminary dilutions to establish the range were made in tenfold 
increments. When the approximate range was established additional dilutions were made 


20 per cent. The mixtures were allowed to stand at roon 


within this range in increments of 
temperature for 1 hour and then 0.2 ml. was injected into the rabbits. Toxin and sampl 


controls were injected at the same time. Skin reactions were read at 72 or 96 hours after 


L+ . ; 

injection. It was found necessary to titrate many samples with an T.000 dose of toxin 
L+ 

beeause of the low levels of antitoxin encountered, but this was later changed to 00 beeaus: 


of difficulty in interpreting the faint skin reactions. The lowest level of antitoxin disecernibl: 
. - . . “¥.* . sr . . 
by this method was about 0.015 unit per milliliter with the 100 dose of toxin and abou 


0.003 unit per milliliter with the dose. The values reported represent averages of a 


st 
500 


least 2 determinations. 


- *Strains 17, 19 and 20 concentrated 50x the No. 1 MacFarland nephelometric reading, i! 
0.5 per cent phenol, Vineland Poultry Laboratories, Vineland, N. .- 


+Diphtheria test toxin 707-62976, supplied by Merck Sharp & Dohme, West Point, Pa 
tLot No. A14, 6 units per milliliter, National Institutes of Health, Bethesda, Md. 
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B. Salmonella pullorum agglutinins: The level of Salmonella pullorum agglutinins in 
blood serum and milk was expressed as the highest dilution in which tube agglutination 
occurred, Twofold serial dilutions of the samples were mixed with Salmonella pullorum 
standard tube somatie antigen,* 0.5 ml. each of antigen and sample. The mixtures were 
incubated at 37° C. for 3 hours, centrifuged at 8,000 r.p.m. for 5 minutes, resuspended, and 


read. Duplicate determinations were performed on all specimens and results were reproducible 


within 1 dilution. The results were expressed as averages if duplicate values varied by 1 


dilution. 


TABLE [.) ANTITOXIN TITERS IN THE BLOop AND MILK oF Cows IMMUNIZED WITH DIPHTHERIA 
“LUI Toxo 


PREIMMUNIZATION 


ROUTE OF TITERS ies Caneel ey 
. . oa PEAK TITER ( UNITS/ ML. } 

COW ADMINISTRATION OF UNITS/ ML. ) 

NUMBER TOXOID BLOOD BLOOD MILK 
175 Udder, right quarters < 0.02 0.02 < 0.02 
228 Udder, right quarters 0.2 60.0 2.4 Right 

1.7 Left 

291 Udder, right quarters < 0.02 6.0 0.05 
326 Udder, right quarters 0.06 22.0 1.2} 
338 Udder, right quarters <0.02 1.0 0.05¢ 
349 Udder, right quarters < 0.02 0.4 0.05 ¢ 
158 Subeutaneous <— 0.02 2.0 0.06 
247 Subeutaneous < 0.02 0.1 < 0.02 


*Milk unavailable since cows were in “dry” period 
fValues of milk antitoxin level from right and left quarters were the same. 


tAverage value of milk antitoxin level from right and left quarters since differences 
were not significant. 


TABLE LI. DIPHTHERIA ANTITOXIN TITERS IN COLOSTRUM AND MILK 
EXPRESSED AS PER CENT OF BLOOD TITERS 


‘SLATE’? MILK 


‘*FARLY’’ MILK, >TWO WEEKS POST 
<TWO WEEKS PARTUM (AVERAGE OF 
COW AND ROUTE OF COLOSTRUM POSTPARTUM SEVERAL SPECIMENS ) 
IMMUNIZATION a, Ot BLOOD TITER Y OF BLOOD TITER (> OF BLOOD TITER) 
228 24 8 l 
Udder, right quarters First postpartum Fighth postpartum 
day day 
29) 3 
Udder, right quarters 
326 105 } - 
Udder, right quarters (Day of parturition Sixth postpartum 
day 
25 
(Second postpartum 
day 
338 — -— t 
‘dder, right quarters 
349 670 12 
Ider, right quarters (Day of parturition Sixth postpartum 
day ) 
158 
Subcutaneous - = -- + 
Over-all averages 390% (2 cows) 3% 
Day of parturition 7% (5 eows) 
25% (2 cows) (3) eows 
First and second 
postpartum days 
*Ixcluding a 3 week period when boosted doses of both antigens were given by udder 


ision and milk titers averaged 9 per cent of blood titers. 


*Standard tube somatic antigen, diluted 1.08 ml. to 100 ml. of saline, Lederle Labora- 
es, Pearl River, N. Y. 
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RESULTS 

I, Diphtheria Antitorin.—Diphtheria antitoxin was found in both the blood 
and milk of 5 of 6 cows which were injected in the udder. The sixth cow showed 
no antitoxin in either the blood or milk. Antitoxin was found in both the blood 
and milk of 1 of the 2 cows immunized subcutaneously, but only in the blood 
of the other. These results are shown in abbreviated form in Table I. The 
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Fig. 1 Antitoxin levels in milk and blood after udder infusion of diphtheria fluid toxoid it 


cow 228 Five hundred Lf of toxoid was injected into each right udder quarter 


highest level of antitoxin found in the blood of any cow at any time was 60 
units per milliliter. The maximum level in milk was 2.4 units per millilite 
The level of antitoxin found in the milk varied with the stage of lactation, but 
with the exception of colostrum, was always considerably lower than the simu! 
taneous level in the blood. The highest colostrum level was 13 units per milli 
liter. In all cases the relatively high antitoxin level of colostrum decreased a 
the secretion changed to milk. Fig. 1 illustrates the data from cow 228 whic 
was immunized by udder infusion. 

The amount of antitoxin in ‘‘early’’ milk, obtained 2 weeks or less pos 
partum, varied from 4 to 12 per cent of that in the blood and averaged 7 p 
eent (Table Il). Antitoxin in ‘‘late’’ milk, obtained 2 weeks or more pos 
partum, averaged 3 per cent of that in the blood. This is similar in the co 
immunized subcutaneously and those immunized via the udder. Excluded fror 
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the ealeulation of this value was a 3 week period when the titer in the milk rose 
to an average of 9 per cent of the blood level in 1 cow (326) 3 weeks after 
intramammary booster injections of both antigens. There were only small and 
inconsistent differences between the titers in milk from the quarters injeeted 
with toxoid and the *‘control’’ quarters. However, in induced unilateral mastitis 
the affected quarters always gave milk with a higher titer than the other quar- 
ters. The amount of antitoxin in colostrum was different in the right and left 
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Fig. 14 \gglutinin levels in milk and blood after udder infusion of Salmonella pul- 
rum vaccine in cow 228, Five milliliters of vaccine was injected into each left udder 


larter., 


‘uarters, but this also seemed to be unrelated to the site of injection as the titer 
n milk from the injected quarters was sometimes greater and sometimes less 
han that from the ‘‘control’’ quarters. The colostrum level on the day of 
lelivery was 670 per cent of the blood level in 1 cow and 105 per cent in an- 
ther; the former level fell to 12 per cent 6 days later and the latter fell to 
5 per eent in 2 days and 4 per cent in 6 days. In a third cow the antitoxin 
vel was 24 per cent of the blood level on the first postpartum day. There 
ppeared to be no consistent relationship of level of antitoxin found in the 
lostrum to that of the existing blood level in these cows. In the other cows 
ere was either no demonstrable antitoxin in the colostrum or values were not 
termined. 
The subeutaneous and udder routes of immunization could not be compared 
' relative effectiveness because few animals were used, and there was great 
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o>) 
individual variation in their responses. Two of the cows (326 and 228), which 
vere immunized through the udder. were found to have blood titers of 0.06 
units and O2 units per milliliter priov to immunization. These animals de 
veloped the highest titers, probably beeause the stimulation was secondary 
rather than primary. There is little information on such ‘*natural’’ diphtheria 
antitoxin, This was not an unusual phenomenon in horses, however, when 
diphtheria in man was more widespread. 

Il, Salmonella Pullorum Agglutinins.—Salmonella pullorum vaeeime was 
injected in the left quarters of 2 cows and subeutaneously in 2 cows. The titers 
hefore Injection in these cows ranged from 1:40 to 1 : 160 in the blood, and less 
than 1:20 in the one instanee that milk was available. All four cows responded 
With an inerease in agglutinin titer in both the blood and milk, which persisted 
without diminution during the 3 to IS weeks it was measured (Table III). The 
highest levels were found in cow 22S: these were 1:3,840 in the blood and 
1:960 in the milk from the right quarters, and 1:480 in the milk from the left 
quarters hot a slenifieant difference ). After this cow was elven booster in- 


jections of vaceine, at the end of 21 weeks the titer increased to 1:40,960 in 
t] 


© blood, and 1:1,.960 and 1:7.780 in the milk from the right and left quarters, 
respectively, The response to injection of vaceine in the udder bv cow 228 
is illustrated in Fie. 1A. 

The titer of the milk roughly paralleled that of the blood, but was always 
ower, Milk from the quarters injected with Salmonella had a higher titer 
than that from the uninjected quarters, except in 1 eow, in which the titers in 
the colostrum and ‘‘early’* milk from both right and left quarters of the udder 

ere essentially the same. The titer in the *‘late’’ milk trom the control quar- 
ers of 2 cows immunized in the udder averaged 9 per cent of the blood level. 
This was quite close to the 6 per cent averaged in the 2 cows injected sub- 
taneously. Tlowever, in the former 2 cows the titer in the milk from the 


“AB lV. SALMONELLA PULLORUM AGGLUTININS IN COLOSTRUM AND MILK 
EXPRESSED AS PER CENT OF sL00D LEVELS 


‘CLATE’’ MILK, 
>2 WEEKS 


‘“SEARLY’’ MII K, POSTPARTUM 
2 WEEKS AVERAGE OF SEVERAI 
COW AND ROUTI COLOSTRUM POSTPARTUM SPECIMENS 
OF IMMUNIZATION Yo OF BLOOD TITER % OF BLOOD TITER % OF BLOOD TITER 
228 40 25 right 9 right 
dder, left quarters First postpartum 13 left oo left 
day Kighth postpartum 
dav 
326 : 9 right 
lider, left quarters 22 left 
158 . 5 
Subcutaneous 
247 50 2 7 
Subcutaneous Third postpartum Twelfth postpartum 
day ) day 


*Merchant, T. A., personal communication. 
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Salmonella-injected quarters averaged 22 per cent and 33 per cent of the blood 
levels. Table IV eives the levels of agelutinins found in the colostrum and 
milk as per cents of levels in the blood, 


ITT. Induced Acute Mastitis. 

A. Eficet of acute mastitis on diphtheria antitorin level: The intlammatory 
response of mastitis may be expected to result in an outpouring of leukoevtes 
and plasma proteins, ineluding antibody globulin, into the milk. The effeet of 
mastitis on antibody level in the milk of eattle previously immunized to diph 
theria toxoid was studied by injecting Salmonella pullorum vaccine into the lett 


quarters of the udder since this vaceine was an irritant as well as an antigen, 
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Fig. 2.—KEffect of acute unilateral mastitis on diphtheria antitoxin level in milk ar 
blood in cow 228 Five hundred Lf of diphtheria fluid toxoid and 10 ml. Salmonella pulloru 
vaccine were injected into the right and left udder quarters, respectively Two weeks later 
ml. of 0.85 per cent saline and 5 ml. of Salmonella pullorum vaccine were injected into tl 
right and left quarters, respectively. 


The signs of an acute mastitis on the left side developed within 2 hours, pel 


sisted for at least 24 hours, and disappeared by one week. Five criteria we! 


used to estimate the severity and duration of the acute mastitis: (1) the udd 


was examined for induration; (2) the consistency and color of the milk wei 


noted; (38) the number of leukocytes in a 4380 microscopic field was note: 


(4) a modified Whiteside’s test was performed*; and (5) the pI of the m 


was determined.+ The latter two determinations were not made during t! 


first induction of mastitis. 


*“California Mastitis Test,” Bromeresol 
Moore Co., Indianapolis, Ind 


*Beckman Model (} pH meter 


purple and alkyl arylsodium sulphonate, T’itm 
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Cow 228 was given 10 ml. of Salmonella vaccine in the left udder quarters 
following subeutaneous immunization with diphtheria toxoid. At this time her 
blood and milk, respectively, contained 17 units and 0.2 unit per milliliter of 
diphtheria antitoxin. Within 24 hours after the injection of vaceine, the titer 
in the blood was relatively unchanged at 13 units per milliliter, but the titer 
in the milk from the left quarters increased to 5 units per milliliter. The titer 
increased to | unit per milliliter in the milk from the right quarters, which had 
been injected with diphtheria toxoid as a control. Two weeks later, when this 
mastitis had subsided, 5 ml. of vaccine was injected into the same quarters, and 
the titer in the milk from the injeeted side increased from 0.3 to 2.3 units per 
milliliter in 24 hours. At the same time the titer in the milk 
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Fig. 2A.—Effect of acute unilateral mastitis on Salmonella pullorum agglutinin level in 


ilk and blood in cow 228 Five hundred Lf of diphtheria fluid toxoid and 10 ml. of Salmon- 
a pullorum vaccine were injected into the right and left udder quarters, respectively. Two 
eks later 5 ml. of 0.85 per cent saline and 5 mil. of Salmonella pullorune vaecine were 
ected into the right and left quarters, respectively 


mtrol quarters, which this time had been injected with O.85 per cent saline, 
creased from 0.4 to Lo units per milliliter. During this period the blood 
el remained at 10 units per milliliter. These results are illustrated in Fig. 2. 
ere was evidence that both the diphtheria toxoid and O85 per cent saline 
ised a mild mastitis. 

B. Salmonella pullorum agglutinins: When cow 228 was given 10 ml. of 
imonella vaecine in the left udder quarters, the agglutinin titer in her blood 


8s 1:5,120. The titer in milk from the previous immunization was 1:120 from 
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the right quarters and 1:960 from the left) quarters. Within 24 hours after 
the Injection of vaeeine the titer in the blood was relatively unchanged at 
1:3,840, while the titer in the milk from the right quarters went to 1:960 and 
that from the left quarters to 1:1,920; both continued to rise for some time. 
When 5 ml. of vaceine was injected into the same quarters 2 weeks later the 
titer in the blood had risen to 1:20,480 and was unchanged 24 hours afterward 
At the same time the titer in milk from the right quarters rose from 1:640 to 
1:1,920, and from the left quarters from 1:5,120 to 1:10.240. Milk from: the 
left quarters always had a higher titer than milk from the right, and= this 
difference persisted lone after the signs of mastitis had disappeared. Thess 
data are shown in Fig. 2.1. 


DISCUSSION 


Blood Was found lo have a consistentls higher level ot antibodies than mill 
in these studies, in contrast to the results of Petersen. This would suggest that 
the antibodies in milk represent a ‘‘spill-over’” from the blood rather than 
specific formation in the udder with reflux into the blood stream. There was 
a significantly higher level in the colostrum than in the blood for a short period 
of time in one instance, but this level rapidly dropped below the blood level as 
true milk was secreted. The high levels of antitoxin in the colostrum: may be 
the result of storage and coneentration in the udder for some time before partu 
rition and thus seem unrelated to the existing blood titer. Although milk im 
mune globulin and blood gamma globulin may not be identical, they are im 
munologically indistinguishable. Askonas and associates!’ found that antiborl 
labeled with radioactive methionine passed direetly from the blood into the 
colostrum and milk in the rabbit and goat. The appearance in bovine colostru 
of human globulin, which had been given intravenously, as reported by Dixon 
and associates,'? suggests that this is true. While the main site of early anti 
hody formation may be the lymph nodes draining the injeeted quarters, thi 
rest of the reticuloendothelial system probably becomes the main souree of ant 
hodies if laree doses. of antigen are used.! Some support for this contention 
was found, since the diphtheria antitoxin concentrations were the same in bloo 
from a vein draining the udder (subeutaneous abdominal vein) and from. tl 
jugular vein. 

The coneentration of antibody in milk was a fairly constant proportio 
of that in the blood. Thus, diphtheria antitoxin levels in ‘‘late’” milk average 
4 per cent of those in the blood. The average Salmonella pullorum agelutin 
titer, in milk from subeutaneously immunized cows and from the control qui 
ters of cows given udder infusions, was & per cent of the blood levels. Dix: 
and associates’? found gamma globulin in milk to be about 3 per cent of 1! 


' reported the milk antibody (antipm 


blood level. Askonas and co-workers’ 
mococeus Type LIT) level to be one twentieth of that in the blood in the rabb 
Sugg,'* however, found the diphtheria antitoxin level in human milk to be on 
about 0.25 per cent of the blood level. 

Milk from the quarters injected with the Salmonella vaeeine had a mu 
higher titer of agglutinins than that from control quarters, usually betwe: 
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20 and 30 per cent of the blood titer. This persistently higher coneentration 
inmay have been caused by an increased permeability of the udder to blood con 
stituents, secondary to a ehronie subelinical mastitis from the vaeeine. There 
was, however, no evidence of inflammation other than an aeute mastitis follow 
ing udder infusion with Salmonella. The difference in titer may have been 
caused by some antigen remaining in the injected quarters for lone periods, 
thus stimulating some loeal antibods production, ul portion of which went 
directly into the milk and the remainder into the blood. This might partially 
Support Petersen's hy pothesis of the udder beine the source of antibodies im 
the milk. 


Acute mastitis seemed to temporarily Increase the permeability of the udder 
to antibodies sinee it produced a transient increase in antibody titers in the 
milk which was related to the severity and duration of the inflammation. This 
difference was shown most clearly In the diphtheria antitoxin levels, the peak 
titers from the most inflamed quarters being 2.5 to 5 times those of the control 
quarters. Peskett'? has commented on the inereased amount of plasma albumin 
In abnormal milk. Nilsson!’ detected, by paper cleetrophoresis, an immune 
globulin in milk from eows whieh had mastitis which was not found in normal 
milk. Ele felt that it was synthesized in the udder because no protein of similar 
electrophoretic mobility was found in the blood. Hlowever, variations ino elee 
trophoretie mobility under those conditions do not necessarily indicate a different 
protein, since the physieal characteristies of the milk from eows which have 


Inastitis are greatly altered. 


I}. Ansorprion oF Dipirrikria ANTITOXIN IN Mink Frou tite HUMAN 
(FASTROINTESTINAL TRACT 
lor many vears there has been a ereat deal of controversy regarding the 
absorption of intact proteins, ineluding antibodies and antigens, from the gastro 


intestinal traet of man and animals. Ehrlich, in 1892, demonstrated in mice 
the intestinal absorption of antibodies against abrin and vicin.'? Many other 
studies have been reported but the results are difficult to evaluate because of 


differing immunologic methods, the use of different proteins, and differences in 


he species, age, and state of health of the subjeets.!>" 


Petersen?’ has postulated that milk “protects” antibodies against the action 
! gastrointestinal proteolytic enzymes by providing other protein substrates. 


or this reason, he feels that passive immunization ean occur if sufficient amount 


“milk, containing antibody, is ingested. In this study re-evaluation of anti- 


ody absorption was made with diphtheria antitoxin since it was anticipated 


at milk produced for the experiments deseribed in Part. I could be used 


MATERIALS AND METILODS 


The cows in Part L produced milk containing no more than 3 units per milliliter 


diphtheria antitoxin. Ingestion of milk with a high antitoxin concentration was considered 


cessary since if was expected that only a small amount would be absorbed. For this 


ason, a coneentrated commercial equine diphtheria antitoxin which contained 4,750 units 
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per milliliter® was mixed with skim milk and ingested. Skim milk rather than whole milk 
was used to minimize the delay in gastric emptying enused ly fat. The moleeular weights 
of immune globulin of bovine milk and equine diphtheria antitoxin are about the same?+; 


this factor, however, mav not be of wrent Imiportance i 


the absorption of proteim. 


The subjects were three normal adults with diphtheria antitoxin levels of O.OL units 
per milliliter or less. Subjects Toand 3 teok 5 ml. of antitoxin (23,750 units) mixed with 


240 mil. of skim milk daily for 1 week (a total of 166,250 units), and subjeet 2) took 


20 ml. (96,000 units) with 240 ml. of skim milk in one dose. Subjects 1 and 2 also 
took 5 ml. of antitoxin (23,750 units) mixed with 240 ml. of water daily for 1 week (a 
total of 166,250 units). Blood was collected just before, and in most instances hourly, for 
5 hours after the first and last doses of antitoxin. A urine specimen was collected) from 


subjeet 2 over the seventh day of ingestion of antitoxin with water, 
An effort was made to lessen the proteolytic effect of pancreatic and duodenal enzymes 


by introdueing the antitoxin through an Einhorn double lumen tube placed under fluoro 


scopie control in’ the upper jejunum of subjeet 2. Five milliliters (238,750 units) of 
diphtheria antitoxin was injeeted through the lumen which opened most distally. For 


(0) minutes before and 60 minutes afterward, secretions were aspirated by a Gomeo pump 
from the lumen whieh opened 10 em, more proximally. Blood was colleeted before the 


antitoxin was introduced and 2O, 60, 120, 180, and 300) minutes afterward. 


Diphtheria antitoxin concentrations were determined by the modification of the 
rabbit skin test of Fraser, as deseribed in Part T. \ change of at least O.O1 unit) per 
milliliter in the level of antitoxin in the blood could be measured. If it were assumed that 
the antitoxin was evenly distributed throughout the extracellular fluid, absorption of 100 units 


or less in subjeets 1 and 3, and 150 units or less in subjeet 2 eould have been detected. 


Estimated extracellular fluid volumes were 10 and 15 1L., respectively. 


RESULTS 

The data in Table V indieate that little, if any, change in antitoxin titer 
was found, whether it was ingested with water or skim milk, or was introduced 
directly into the upper jejunum. At most, absorption of 0.6 per cent of the 
invested dose might have oecurred without detection. When one of the same 
subjects ingested a dose four times as large there was still no measurable change 
in titer whieh would indieate that in this instance not more than 0.15 per cent 
of the ingested dose was absorbed. The 24 hour urine specimen colleeted from 
subject 2 over the seventh day of ingestion of antitoxin with water contained 
ov detectable antitoxin. The variations in blood levels noted in Table V are 
vobably due to the inaccuracies in determinations of antitoxin at low coneen- 
rations. 


DISCUSSION 


The results were similar to those of earlier studies where a large number of 
man subjects ingested diphtheria antitoxin and failed to show evidence of 
enifieant absorption.*°-** In the present study, the failure to find significant 
sorption may have been caused by a number of faetors. Equine antitoxin 
ixed with bovine milk may not be comparable to bovine antitoxin seereted 
ong with the milk. Insufficient doses of antitoxin might have been used since 
has been estimated that 100 to 400 times the subcutaneous dose should be given 


' significant absorption.2" An inadequate amount of milk might have been 


*No, 1520-5519, Bottle 2, supplied by Lederle Laboratories, Pearl River, N. Y. 
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taken to “protect”? the antibody against enzymatic proteolysis. No absorption 
Was measurable, however, when the gastrointestinal and pancreatie seeretions 
were aspirated proximal to the point of injection of antitoxin into the iupper 
jejunum. Tt was possible that cnough seeretions eseaped aspiration for the 
enzvines to initiate protein degradation. Another posstbilits was that the 
succuUS entericus Gaused proteolysis, but it is considered to be virtually ineffee 
tive against Intact protein. Thus, if most of the antitoxin was left intact, 
probably less than | per cent of the ingested antibody was absorbed, 

There is evidence that some absorption of intaet protem nav occur in man 
When large enough quantities are used.t-?") This may be most) frequent and 
possibly most significant in infants, espeelally those with diffuse inflammation 
of the gastrointestinal tract. A very high titer of diphtheria antitoxin, how 
ever, would be needed in the milk for significant absorption to oecur in normal 
adults, and this in turn would require an even higher titer in the blood of the 
Cow, 


SUMMARY 


lL. Injection of diphtheria toxoid and Salmonella pullorum vaccine into the 
feat canal and subeutaneously in cows resulted in the appearance of speeitic 
antibodies in both milk and blood. The milk titer averaged 3 per cent of the 
blood titer; this relationship was not altered by the route of immunization 
There was no consistent difference in the amount of antitoxin in milk from the 
quarters Injected with toxoid and the other quarters. The Salmonella agglutinin 
titer, however, was persistently higher in milk from quarters that had been 
injected with Salmonella than in milk from other quarters. Thus, the milk 
titers from the Salmonella-injeeted quarters averaged about 30 per cent of the 
blood titers, whereas those from the control quarters averaged 9 per cent. The 
milk titers from cows immunized subcutaneously averaged 6 per cent of the blood 
titers. The levels of diphtheria antitoxin in the colostrum were considerably 
higher than those of the milk; Salmonella agglutinin levels found in the colos 
trum were similar, but lower. 

Acute unilateral mastitis was indueed with intramammary Salmonella pul 
lorum vaeceine in 1 cow whieh had been previously immunized with both antigens 
An abrupt rise in antibodies in the milk from the inflammatory quarters fol 
lowed; this was temporary for diphtheria antitoxin and persistent for Salmonella 
agglutinins. The diphtheria antitoxin levels in the blood did not change, whereas 
there was a gradual rise in the Salmonella titers. Thus, acute mastitis seemed 
to inerease the permeability of the udder to antibodies. 

2. Three human subjects with low diphtheria antitoxin titers ingested lare: 
doses of equine diphtheria antitoxin mixed with skim milk. Antitoxin was als 
injected through a tube into the jejunum of one of the subjeets. It was thes 
retically possible to measure absorption of less than 1 per cent of the dose o 
antitoxin, but in no instance was there a detectable increase in blood titers o 
subjects after ingestion of the antitoxin. Insufficient absorption of antitoxi! 
seemed the most likely explanation. 
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EERFECTS OF A HIGH FAT MEAL ON COAGULATION 
IN HEMOPHILIA 


Jessica HL. Lewis, M.D. 


PITTSBURGH, PA. 
OSSIBLE relationships between high fat ingestion and atherosclerosis,’ 
between intravaseular thrombosis and atherosclerosis,~® and between high 
fat ingestion and acceleration coagulation’ > have been postulated by a mumber 
of Investigators. Such relationships might function in the following fashion : 
Kat ingestion — Aecelerated coagulation — Thrombosis — Atherosclerosis. 


If this theory is correet, it should be possible to demonstrate aceelerated 


coagulation followine fat ingestion. In one of the earliest studies of blood 


coagulation followine food ingestion, Mills and Necheles* > found inereased 
coagulability of the blood following protein but not fat or carbohydrate foods. 
In the last decade a number of investigations have claimed*!* 


equal number denied!" 


and an almost 
or found doubtful?! an association between alimentary 
lipemia and hypercoagulability. 

In the present investigation, the effect of a high fat breakfast upon the 
coagulation of abnormal blood was studied, 


Patients suffering from hemophilia 
A (ATIF deficieney) and hemophilia B 


PTC deficiency, Christmas disease ) 
were chosen as subjects, because it seemed likely that any nonspecific clot- 
accelerating effect of lipemia would be emphasized by the initial slow clotting 
found in the blood of these patients. In addition, if any clot-accelerating effects 
were observed, they might be of possible therapeutic value. 


MATERIAL AND METHODS 
Vaterial. 


Ten patients suffering from hemophilia A (AILF deficiency 


6 from hemophilia B 
PTC deficiency, Christmas disease) and 


7 normal subjects were studied. All subjects 
A patients ranged in severity from mild to very severe, 
vhile those of the B group all showed moderate deficiencies. 


ere young men. The hemophilia 


Vi thods. 


The basic breakfast consisted of 2 eggs, 2 slices bacon, Ys Ib. butter, and 4% pint 
f 


20 per cent cream: a total of 114 Gm. of fat. Toast, coffee, tea, sugar, and jelly were 


lowed ad libitum. The fat mixture used in in vitro experiments consisted of eggs, melted 


utter, and cream mixed in a blendor in the same proportions as the breakfast. 
The subjects fasted for 12 to 15 hours before the initial blood sample was taken. 


ie second or post-fat blood sample was obtained 3 hours after ingestion of the meal. In 


ese patients it was felt that serial blood sampling was not justified. 
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Methods for study of blood coagulation factors have been previously deseribed, 
Phe degree of Tipemin was estimated as a turbidity unit by comparing light) transmittanee 
Coleman Junior spectrophotometer) at 500 ma of the 3 hour and fasting speeimens, 
ABLE LL. Mean VALUES OBSERVED IN EACH PATIENT Group Berokk AND ARTEK FAT PNGESTION 
NOKMAI A\ltt re 
rES1T PRE POST PRE Pos’! PRE Pos 
Clotting time (min, 

Cilass 9 9 aa | 37 es | 20 
Silicone obas at) 148 137 234 222 
Serum prothrombin time (see. 38.7 370) 15.0 1.0 14.4 14.9 
Prothrombin consumption (% a) a ) i4 Ss } 6 

Thron boplastin clotting time 

Hluman brain 16.9 16.5 14.1 13.4 IS.5 IS.4 

Soluplastin 14.8 15.0 13.5 14.5 13.7 14.1 

Russell’s viper venom (121,000 1.9 16.5 4.0 D4. io 10.7 
Plasma-thrombin time (see. 14.7 15.0 13.9 15.1 15.4 15.4 
Platelet count 10° @¢.mm. 27 293 B02 288 288 On} 
Prothrombir (| standard i) 10] 113 107 We) oh 
Proconvertin Y standard OQ 103 QL a ow) OS 
Proaccelerin  (% standard a) QF ay ag 124 11s 
AHF (&% standard 100 100 Ss ‘2 100 1a 
wh | standard Loo 100 hoo Q7 2 <s 

RESULTS 
Lipenia. AW 3 hour samples showed some increase in turbidity. The ob 


served unitage varied from 3 to 70 and, on inspection, the appearance varied 
from a mild cloudiness to milkiness. No correlation could be drawn between 
the coagulation changes and the turbidity. 

Coagulation Tests——-The mean values observed in the various coaeulation 
tests are presented in Table 1. No signifieant changes were observed in any ol 
the tests. In each vroup of subje ‘ts, some individuals showed a sheht merease 
and others a slight decrease in coagulation rate after fat ingestion. Statistieally 
the differences were not significant Even the Russell viper venom times did 
not show any significant shortening. In the normal group, 4 became shorte 
and 5 longer; in the hemophilia A (ATIF) group, 6 beeame shorter and 4 
longer; in the hemophilia Bo (PTC) group, 4 beeame shorter and 2 longet 
Might of the entire group showed only minimal lipemia and of these 8,5 showed 
Russell's viper venom times which lengthened slightly after fat ingestion. 

In Vitro Effects of Added Fat. -X fat mixture similar to the breakfast was 
prepared and added to blood obtained from a normal, a hemophiliae, and a PTC 
deficient subjeet. The results are shown in Table Il. A) few strikine changes 
were noted, Normal whole blood clotting was prolonged slightly and the serun 
prothrombin time was markedly shortened. Added fat also lengthened the 
clotting time of blood from the hemophiliae patients. The thromboplastin times 
with human brain and Simplastin did not change greatly, but the Russell's vipe: 
venom time was markedly shortened. The plasma thrombin times were all pro 
longed. Other changes were not significant. 


*Russell’s viper venom (Stypven) was supplied by Burroughs Wellcome C 


o., Simplastir 
by Warner-Chileott Co., and Soluplastin by Schieffelin & Co 











EFFECTS OF HIGH FAT MEAL ON COAGULATION IAT 


Kitects of Added Fat on Russell's Viper Venom Time.— Dilutions of the fat 
mixture were added to Russell's viper venom tests on normal human plasma. 
The results (Table TIL) indicate that the fat concentration has a marked effeet 
on the clotting time, and that this test might be used as an assay for ‘‘aetive 


phospholipid” as suevested Iyy OBrien.” 


TABLE Il. IN Vireo Errecrs of AbDpED Fat 
NORMAT AHF pT¢ 
rEST 0) , 0 ' 0 
Clotting time (min. 
(Glass 10 11 2S 34 39 35 
Silicone IS 14 »4()4 4) YP 404 P4(0)4 
Serum prothrombin time (see, ot 20 10.4 i & 15.4 16.2 
Thromboplastin time (see, 
Human brain IS.] 19.1 POLO 18.6 213 23.0 
Simplastin 11.8 12.0 2.8 12.0 12.0 12.4 
Russells viper venom 1:50 17.0 7.8 17.0 8.2 20.8 9.3 
Thrombin time (see, 16.0 23.2 16.6 23.1 16.8 24.8 
Prothrombin TY standard hoo lOO 116 107 a 53 
Proconvertn (| standard 100 10S Wy 107 78 74 
Proaccelerin | standard hoo R2 7s 7s 64 6S 
\HE | standard how x0) ) () Ri) x0) 
PTC XY standard 100 SO) 1oo 70 0 ) 
With added fat 1 mi 2 mi. blood for clotting times and serum prothrombin test 
ind 0.1 mil mil. oxalated plasma for other tests 
*The low prothrombin concentration is a consistent finding in this particular patient and 
reflect chronie liver lnmage tssociated with an earlier episode of homologous serum 
epatatis 
PABLE TIL. IN Virro Errkers oF Fat oN RUSSELL’S VIPER VENOM TIMI 
FAT DILUTION CLOTTING TIMI SEC. 
1:10 14.2 
1: 100 re 
1: 1.000 0 5 
1: 10.000 26. 
Saline 30.0 
Clotting time 0.1 mil. 0.025 M CaCl + 0.1 ml. fat + 0.1 ml. Russell’s viper venom 


1:500) + 0.1 mil. normal human plasma 


DISCUSSION 


These observations showed no clot-aceelerating activity of fat ingestion on 
normal or hemophilie blood. It is possible that such acceleration was missed by 
studying only the 3 hour postmeal blood, although this time was chosen as the 
nost important time from data collected by other investigators. The studies in 
vhich fat was added in vitro showed a marked acceleration of the Russell viper 
enom time on addition of varying quantities of fat. On the other hand, the 
ther coagulation tests showed no such aeceleration. 

In attempting to answer such an important and controversial question as, 
Does alimentary lipemia accelerate blood coagulation ?”” decisive experiments 
re desirable. At present, no adequate methods are available for measuring 
oagulation in vivo, thus all tests were carried out on blood removed from the 
irculation. Of necessity, such tests are subject to the variables involved in 


btaining and testing the samples. In addition the simple test of blood clotting 
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time is subjeet to varving interpretations by the observer. In an attempt to 
eliminate any subjective alterations, the coagulation tests were carried out by 
experienced technicians who were unfamiliar with the controversial lHterature 
on the subject. 

Most of the reports which sugeest an aceeleration of coagulation during 
lipemia have emploved a coagulation time test (usually in siliconed tubes). The 
studies of Sheehy and Eichelberger?’ employing the thrombo-clastograph, 
showed no clot acceleration during lipemia. This instrument is reported to be 


reliable in detecting hypercoagulability. 


SUMMARY 


A basie breakfast of eves, bacon, butter, and eream, totaline 114 (im. of 
fat was given to 7 normal, 10 AHF-deficient, and 6 PTC-deficient subjects. 
Blood obtained 3 hours after the meal showed no evidence of accelerated coawula- 


tion, even in the subjeets whose fasting blood coagulation times were long. 
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THE LOCAL SPREAD OF DYE INJECTED INTRADERMALLY TO 
VISUALIZE LYMPHATICS IN EDEMATOUS AND NONEDEMATOUS 
EXTREMITIES OF MAN 


Sam A. Thureeroor, M.D. 


NEW ORLEANS, LA. 


i> INVESTIGATE the role of the Iwinphaties in the formation of edema, 


these vessels were visualized by the intradermal injection of vital dves. This 


technique has been deseribed by MeMaster,' who also defined various pat 


terns of the spread of dye in the extremities of control subjects and of those 
with edema from various eauses. Gifford and associates! described patterns of 
spread of a fluorescent dve in edematous and nonedematous extremities in sub 
jeets with various diseases, but did not define the time of study or the rate ot 


development of the pattern. The data presented here are retrospective analyses 


of the data obtained during studies of the Iwmphaties, and are intended to sup 
plement these deseriptions, and to demonstrate routes of the spread of intra 


dermally injected substances in edematous and nonedematous extremities, 


MATERIALS AND METHODS 


These studies involving the measurements of dye spread were begun with the intra 


dermal injection of O.1 ml. TL per cent Patent Blue \ after the subject had rested 15 
30 minutes in a comfortable room (76° F. Injection was slow and gentle, requiring about 
O.4 minutes. The extremities, arms or legs, were at heart level during the studies and wer 
immobile for 2 hours after injection except for the time necessary for the patient to move 
to void for the collection of urine. In some studies not involving the measurement of urinary 
excretion of dye, Direet Sky Blue,t or a concentrated solution of Evans blue} was used 
Kor the sake of uniformity, however, only those studies in which Patent Blue Voowas. us 


are included here, 


Photographie records of the spread of the dve were obtained with panchromeatsy filt 


Mastman Kodak Plus X or Panatomie XN) using a Wratten 2Z5A) Filter. 


In early studis 
lighting was provided by 2 No, 2 photoflood lamps at 


n distance of IS to ZO inehes, and 
angle of 45° on either side of the extremity studied. In later studies an eleetronie thas 
unit with 2 lamps eliminated the need for the hot) phototloods. Photographs were take 


before injection and at intervals of 3 to 5 seconds for the first | to 2 minutes, then 


2 yr 
vressively at 1, 2, 5, and 15 minute intervals for the next 2 hours. Photographs were 
larged to natural size for comparison and, from projections 5 times natural size, drawing 
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of the outlines of the various areas of spread were made from each photograph for plani 


metric measurement. The last few studies utilized Anscochrome to obtain colored records 


of the dve injection. These records were analyzed in a manner comparable to those obtained 


originally with panchromatic film, after they had been either copled with panehromatic film 


and ZOA filter, or enlarged 5 times and traced. 


RESULTS 


The data presented were obtained from 45 injections into 36 subjeets. Of 


these, 19 were control subjeets, 8 had congestive heart failure, and 9 presented 
With miscellaneous causes for edema. Observations in 2 subjeets were re- 
peated in the same extremity with and without edema, and 3 subjects were 
studied in an edematous and nonedematous extremity. These data are sum- 


marized in Tablet. 
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5 10 
' ” minutes AFTER INJECTION 


Logarithmic graph showing the time-course of the areas of spread of Patent Blue 
subjects 


Vin the extremities of nonedematous control 
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2 Photographs (x14) illustrating the spread of dye 
No. 14 at various times after injection was begun 


in the left arm of control Subject 
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CLINICAL DATA OF SUBJECTS STUDIED 


DIAGNOSIS 


Control 
Control 
Control 
Control 


Control—inguinal hernia 


Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 


sites 


Congestive heart failure 
Congestive heart failure 
Congestive heart failure 
Congestive heart failure 
Congestive heart failure 
Congestive heart failure 
Congestive heart failure 
Congestive heart failure 
Congestive heart failure 
Congestive heart failure 
Congestive heart failure 
Obstructive Iwmphedema 

following radical mas 


tectomy 


Chronie lymphedema of 


legs : hy pochromic 
microeyvtic anemia 


Possible diverticulitis : 


gastrointestinal neo 
plasm ; 
determined et iology 


~~ 


elastic stocking 


= 


Tenous disease with 


edema of leg, 1 week 
after removal of elastic 


stocking 


Lymphedema of legs; 


obesity ; varicosities 
Lymphedema of legs 


Cirrhosis of the liver 


Ily pertension : ehronie 


renal disease 
Edema of 


hands 


Unilateral edema of un 
determined etiology of 


right leg 
Edema of right leg 


intestinal para 


edema of un- 


“enous disease, immedi 
ately after removal of 


undetermined 
etiology of ankles and 


EDEMA 


Trace leg 


Trace leg 


{ 44 legs; 
/ © arms 
] i 

$+ ley 
arm 


ascites > 


}+ 


3+ bilateral non 
pitting 


Nonpitting; 2+ pit 

ting superimposed 
Nonpitting ; 1+ pit 
ting superimposed 
2+; ascites 


() 


Shelht pitting leg 
and hands 


~ 


¢ 2+ rt. leg, pitting 
} and hard; 


0 It. leg 


STI 
Rt. 
Rt. 
Lt. 
FA 
Rt. 
Lt. 
Rt. 
Rt. 
Rt. 
Rt. 
Rt. 
Rt. 
Rt. 
Rt. 
Rt. 
Rt. 
Rt. 
Lt. 
Rt. 
Rt. 
Rt. 
Lt. 


Rt. 
Rt. 
Lt. 
Rt. 
Rt. 
Rt. 
Rt. 
Rt. 
Rt. 
Rt. 


EXTREMITY 


DIED 
arm 
arn 
arin 
arin 
cardi 
ari 
arin 
ari 
arin 
ari 
arin 
arn 

arin 
arin 
arin 
arin 
arin 
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arin 
leg 


leg 


arin 
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Detailed analysis of the rates and areas of local spread of the intradermally 
injected Patent Blue V demonstrates differences in these parameters, as well as 
those differences in the configuration of the dye wheal and lack of well-defined 
streamers in edematous extremities previcusly deseribed. The rates of spread 
in nonedematous control subjects ean be observed in Fies. | and 2.) Fie. 1 is a 
logarithmie plot of the time-course of change in the area for the first LOO min- 
utes after injection. The dye area inereased most rapidly during the first 
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Lo 6 10 
MINUTES AFTER INJECTION 
Fig. 3 Logarithmic graph showing the time-course of the areas of dye spread in the 


xtremities of subjects who had congestive heart failure. Only those of nonedematous arms 
ill within the range of control subjects 


so 











cut 


AREA 





MINUTES AFTER INJECTION 


Fig. 4.—Logarithmie graph showing the time-course of the areas of dye spread in the 
emities of subjects with miscellaneous causes of edema. The only edematous extremity 
led which fell into the control range was that of Subject No. 20, who had bilateral 
itting chronic lymphedema of the legs. A nonedematous arm of Subject No. 47 was 
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ig ) Logarithmic graph showing the time-course of the areas of dye spread in botl 


edematous and nonedematous extremities of the same subject 


WITH EDEMA 
6-25-56 


0.3 MINUTES 
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Fig. 6.—VPhotographs (0.4) illustrating the dye spread in the left leg of Subject No 
who had venous disease and edema, immediately after the removal of an elastic stock 
when the leg was nonedematous, and 1 week after the stocking was removed and 2 Pp 
edema was present Although the rate and area of spread at the time when the extren 
Was nonedematous were close to the normal range, the pattern of spread was different f1 
that seen in control extremities. 
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minutes In these, as in all other subjeets, but the rate of increase and the size 


were less in the control subjeets than in those with edema (Figs. 3, 4, and 5). 


It should also be observed that the range of variation in the 22 control 


experiments illustrated here was relatively narrow. The average area for 
control subjects was | osq. em. at Lo minute inereasing to 4.5 sq. em. at LOO 


minutes. In Fie. 3 it may be observed that the range of variation was much 


vereater for subjects with congestive heart failure, and that only in 2 subjects, 
Whose nonedematous arms were studied, was there aly overlapping olf curves 


with the control ranges shown on that graph. The dye spread was not only 


much more rapid, but the area whieh it covered was much greater than that 


of the eontrol subjeets. This was also true for the subjects with miscellaneous 


IVvpes of edema presented in Fie. 4. The rate and area of spread were only 


WITHOUT 
EDE MA WITH EDEMA 
1-30-54 5-86-56 


0.5 MINUTES 


1.0 MINUTES 








10 MINUTES ° 
ee 4 
ATT al 
Fig. 7 Photographs (0.4) illustrating the spread of dye in the nonedematous right leg 


Subject No. 9 before congestive heart failure was obvious, and 18 months later when 


con- 
tive failure was manifest 


Although congestive heart failure was not known to be present, 
pattern of spread in the first study was noted to be different from that seen in other 


trols 
ighly related to the degree of edema as estimated clinically. Subjeet No. 19, 
0 had obstructive lymphedema of the left arm following radical mastectomy, 
| multiple widely seattered areas of dye pooling which precluded measure- 
nt of the area, and is not ineluded on the graphs. The curve of dye spread 
Subject No. 20 with bilateral nonpitting edema was the only one in edema- 
Ss extremities to fall within the control range. However, the confieuration 
spread with large retrograde streamers was not normal. The difference be- 
en rate of dye spread in nonedematous and in edematous extremities is better 
strated in Fig. 5, in which are plotted studies on the same subjeet repeated 
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in a nonedematous extremity, or performed on the same extremity twice, when 
it was edematous and nonedematous. The more rapid and more extensive 
spread in the edematous extremities is obvious. Photographs of the actual 
spread of dye in 2 of these subjeets are presented in Figs. 6 and 7. Subjeet 
No. 39 (Fig. 6) had venous disease of the lees with edema. The study, on June 
IS, 1956, with no edema present, was performed immediately after the removal 
of an elastic stocking which had been worn for a prolonged period of time. 
After 1 week without the elastic support, the extremity was edematous when 
the study was repeated. Subject No. 9 (Fig. 7) was intended as a control in 


November, 1954, but the pattern of dye spread was not normal. In May, 1956, 





(c) 933 MIN (¢) 55 MIN 
Fig. 8 Photographs (0.3) illustrating the spread of dye in the right leg of Subject N 
3, Who had congestive heart failure and 4 plus edema In a and b the rapidity of spread 
discrete channels can be observed. Diffusion from the channels was apparent before tl 


10 minute picture shown in ¢ was taken d shows a drop of fluid containing dye appearin: 
after the removal of a 20 gauge needle, which was used to collect 10 ml. of similarly stains 
edema fluid 





ee eee eee eee ao 
.63 MIN. 10 MIN. 





Fig. 9 Photographs (0.4) illustrating the spread of dye in the right leg of Subject 
o4, who had edema of undetermined etiology These show the immediate spread in disc! 
channels (0.63 minute) and the later diffusion into the interstitial spaces (10 minutes) 
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the study was repeated when the subjeet had well-defined congestive heart 
failure with edema. The largest area of dye spread and the most rapid rate 
of spread were observed in Subject No. 23, who had congestive heart failure 
and 4 plus edema of the legs (Figs. 3,5, and & 


Sq. 


An area of spread of 20 
em. Was attained before the picture was taken at 0.1 minute after begin- 
ning injection, and by LOO minutes was 60 sq. cm. Fig. & presents part of a 
series of photographs showing the spread and its configuration. Reprodueibilits 
of the curves of dye spread was demonstrated by repeating studies in extremi- 
ties of control subjeets and those with edema whieh showed no appreciable 
change in the state of edema. 


DISCUSSION 


Although there are noticeable differences in the patterns of spread of dye 
in edematous and nonedematous extremities, this was not designed as a diag- 
nostic test for the presence of abnormal quantities of interstitial fluid. Gifford 
and associates! reported the patterns of spread of intradermally injeeted ribo- 
flavin recorded by ultraviolet photography, but made no attempt to present 
the relationship of the size of the wheal at specific times, or the relationship of 
the rate of development of a particular pattern to the disease state. In gen- 


eral, the configuration and types of patterns in the observations reported here 





PREINJECTION 43 MIN. > 4 MIN. 


Fig. 10 Photographs (0.4) illustrating the progressive appearance of Patent Blue V 
the leg veins of Subject No. 36, who had congestive heart failure. The uptake can be seen 
several veins radiating from the injection site. Two are indicated by arrows in the upper 
ners of each picture. Injection superficial to the venous plexus and delayed appearance 
the dye in the veins make it unlikely that direct injection of veins occurred. 


ere similar to those deseribed by Gifford and by MeMaster,': > * who also used 
itent Blue V. In adelition, these studies present the relationship of the time- 
wse of the development of the pattern to the presence of edema, and observa- 
ms defining the routes of spread and development of the patterns. 

Although the rapidity of the early spread in the edematous extremity sug- 
sts direet interstitial diffusion, much of the inereased area was observed to 
in diserete, distinet channels, unlikely for any such interstitial spaces (Figs. 
rand b, 9, left). Direet eannulation of some of these discrete channels® with 

demonstration of dye in lymph obtained from some, and in blood obtained 
m others, and photography, have identified both Ivmphaties and blood ves- 
sas routes of spread. Serial photographs, showing the appearanee of dye in 
sels identified before injection as veins, substantiates this (Fig. 10). Since 
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dve did not apear immediately in the venous channels adjacent to the site of 
injection, it is unlikely that direct injection of veins was responsible for uptake. 
Although there was no visual evidence of traumatie damage to veins by the 50 
gauge needle used for injection, damage to capillaries has not been unequivocally 
ruled out. Regardless of the mechanism of entry, dye did appear in venous 
channels and did not always visualize Iwmphaties only.  Kinmonth’ made 
similar observations studying the larger Iwmphatie trunks with Patent Blue V 
Although only Patent Blue V has been measured in venous blood, studies with 
Direct Sky Blue and Evans blue suggest that the same could be true for othe: 
vital dves used to visualize lymphaties. On inspection of the dve area after 10 
minutes (Figs. 8, ¢ and d, 9, right), it is apparent that there is diffusion from 
the discrete channels into the fluid of the interstitial spaces. This has been 
confirmed when dye has been obtained from this fluid upon the insertion of 
needle into the edematous extremity (Fig. 8, d). Thus, during the rapid spread 
of dye, both Iymphaties and blood capillaries are carriers and, if not during the 
initial rapid spread, at least later, interstitial spaces also participate. The fact 
that the rates and areas of spread were related only erudely to the clinically 
estimated degree of edema indicates that other factors, such as differences in the 
type and duration of edema and variations in the force of injection, have at 
influence on quantitative aspects of these parameters. 

In studies of urinary exeretion of Patent Blue VJ it was noted that the 
subjeets who manifested the most rapid rates and greatest areas of dye spread 
had the slowest average rates of urinary exeretion (not attributable to dimi 
ished renal function). This relationship was observed predominantly in sub 
jects with edema suggesting that loeal pooling in the vessels and interstitt: 
spaces was at least partly responsible for sluggish removal from the loeal sit 


and delaved excretion of the dye. 


SUMMARY 


As part of experiments designed to study the role of the Iymphaties in 1] 
formation of edema, the time-course of the spread of intradermally injeet: 
Patent Blue Vo was measured by serial photography and planimetry. 

In addition to differences in configuration of wheals and absence of distin 
streamers in edematous extremities, which were described previously by othe: 
it was observed that the dve areas inereased most during the first minute in 
extremities and were greatest ino edematous extremities. At lo minute thi 
averaged | sq. em. (0.4 to 1.75) in control extremities and 9 sq. em, (1.06 
jo.) in edematous extremities; at 10 minutes 1.75 and 14 sq. em. and 
100 minutes 4.5 and 20 sq. em. Subjects restudied, both with and with 
edema, or in both edematous and nonedematous extremities, demonstrat 
similar differences, 

The rapidity of spread in edematous extremities suggests early direet int 
stitial diffusion, but much of the area was confined to diserete channels w 
sharp boundaries, unlikely for interstitial spaces. Dye in lymph and blood, 
tained by cannulation of discrete channels, identified both Lymphaties and bli 
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vessels as routes of spread. It was apparent from observations made after 10 
minutes and from dyve-stained edema fluid obtained from = diffuse areas, that 
interstitial spaces also participated, at least in later spread. Decreased rates ot 
urinary excretion of dve (not attributable to diminished renal funetion) further 
suggested that increased spread in the edematous extremities was into spaees 
not directly communicating with the cireulating system, or that engorgement of 
local vessels produced pools into Whieh diffusion occurred, contributing to the 


sluggish removal and exeretion of the dye. 


» These observations further demonstrated that caution is necessary in inter 
pretation of data from studies designed to investigate the Iymphaties with Patent 
Blue Voand probably other vital dves, especially the more diffusible ones. 
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SERUM BENZIDINE OXIDASE 
JAMES F’. SuLLIVAN, M.D., aNp KATHLEEN T. Hart, PH.D. 
Str. Lous, Mo. 


IAMINE oxidase activity of serum has been related to the copper-protein 

enzyme ceruloplasmin. ' It would be of interest to determine whether 
Variations in benzidine oxidase activity might be found to correlate with thi 
reported experiences of others with regard to serum copper and ceruloplasmin 
in disease. The relative ease of determination of benzidine oxidase would lead 
one to expect that this procedure might become extremely useful in’ studying 
disease states in which alterations in copper metabolism have been reported 
This study considers the incidence and degree of abnormality of this enzymatic 
action found in a variety of clinical conditions, and the effeet of other serum 
components on this activity. 


METHODS 


Oxidase activity was measured by the method of Adelstein and associates’ in whi 


benzidine was used as substrate. One milliliter 


of serum, 1.0 ml. of 0.05 M Veronal buffs 
rrepared in O.1 M sodium chloride, and 2.0 ml. of benzidine solution were incubated 1S hours 
prey 


at 387° C. A control containing 1.0 ml. of serum and 3.0 ml. of Veronal buffer was similarly 
incubated. After centrifugation for 15 minutes at 2,130 g¢ the supernatant solutions wer 
removed and their optical densities were determined in the Beekman D. U. Speetrophotomet: 
at 600 my. Levels of benzidine oxidase were expressed in units of optical density. Serur 
for this assay was collected in acid-washed glassware with the use of stainless steel needle 
Serum proteins were studied by zone electrophoresis. Serum ascorbic acid was dete: 
mined by the method of Roe and Kuethert before, and 24 hours after, the administration 
1 Gm. of aseorbie aeid. 
In 30 healthy subjeets, medical students, staff physicians, and nurses, a mean val 
of 0.254 with a standard deviation of 0.050 for benzidine oxidase was established. — | 
determining reproducibility, duplicate samples showed a standard deviation of 0.013 (averay 


of 13 


Elevations of enzyme activity were considered to be significant if the reading 
greater than 2 standard deviations above the mean of the normal subjects. For purpose 
analysis such elevations were arbitrarily placed in 1 of 3 categories, 0.354 to 0.454, 04 
to 0.554, and over 0.554. The conditions of the patients studied met the usual criteria 


each diagnosis. 
RESULTS 
Two hundred and seven patients were studied. The conditions encounter 
number of patients, and benzidine oxidase values appear in the designat 


tables. Two patients with Wilson's disease had values of 0.074 and 0.115 a1 
were not ineluded in the tables. 


From the Department of Medicine, St. Louis University School of Medicine, and 
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Liver Disease —Fifteen of 24 patients with active alcoholic cirrhosis were 
found to have normal oxidase. In 2 patients in hepatie coma, both of whom 
died, marked elevations were noted. The increased activity observed in the re- 
Inaining 7 was of lesser degree and was not accompanied by clinieal or labora- 
tory evidence indicating a more severe hepatic injury than in those showing no 
elevation, In 6 of S&S patients with infectious hepatitis studied, increased levels 
of oxidase were found. In 2, the abnormal increase in enzymatic aetivity per- 
sisted after the patient's recovery and return of liver funetion tests (c¢ephalin- 
cholesterol flocculation and bromsulphalein retention) to normal. The 4 cases 
with laboratory evidence of obstructive jaundice included 3 of commen duet 
stones and one of thorazine hepatitis. In these patients the degree of benzidine 
oxidase activity seemed to have some relation to the depth of jaundice. The one 
normal value oeeurred in a patient with common duet stone at a time when 
minimal jaundice remained. 


TABLE LL.) ELEVATIONS oF SERUM BENZIDINE OXIDASE IN LIVER DISEASI 


0.354 0.454 
NUMBER BELOW ro ro OVER 
DIAGNOSIS STUDIED 0.354 0.454 0.554 0.554 
Aleoholie eirrhosis 24 15 7 ] ] 
Infectious hepatitis Ss 2 j l 1 
Thorazine hepatitis l ] 
Obstructive jaundice 3 l 3 


Hematologic Discase.—Elevations above 0.454 were found in all patients 
vith Hodgkin's disease with the systemic symptoms of fever, weight loss, and 
lalaise. In one case of Hodgkin's disease, diagnosed through removal of an 
nlarged cervieal lymph node in an asymptomatic patient, there was no elevation 
! oxidative activity. In 3 patients with Hodgkin's disease, after treatment had 
een given (2 by x-ray and one with nitrogen mustard), benzidine oxidase 
etivity returned to normal. These 3 patients had remissions of their symp- 
mus. In one case of Hodgkin's disease, the patient was treated with nitrogen 
ustard without clinical response, and there was no change in elevated benzi- 
ne oxidase. Two patients with Ivmphatie leukemia, studied during acute 

molytie crises, demonstrated oxidase elevations. Two patients with acquired 
inolytic anemia did not have increased activity. 


TABLE Il. BENZIDINE OXIDASE IN HEMATOLOGIC DISEASI 
NUMBER 0.254 TO 0.354 TO 0.454 TO 0.554 TO 
DISEASH STUDIED O.354 0.454 0.554 0.654 

lodgkin’s disease 8 l 3 } 
Vmphatie leukemia D 2 l l l 
velogenous leukemia 2 2 

Multiple myeloma 3 3 

olveythemia vern 2 ro 

Ivelofibrosis | l 

lemolytie anemia 2 2 

iiant follicular l 1 


lIvmphoblastoma 
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February, | 
BLE TLL. RELATION OF MALIGNANCY AND SERUM BENZIDINE OXIDASI 
TYPE OF NUMBER BELOW 0.354 TO 0.454 To 0.554 To 
MALIGNANCY STUDIED 0.354 0.454 0.554 0.654 
I. With metastasis: 
Lung a) 2 
Esophagus 2 l | 
Liver 2 z 
Fibrosarcoma ] ] 
Reetum ] | 
Bladder | l 
Il. Without metastasis: 
Esophagus 2 yo 
Reetum l | 


Carcinoma.—Twelve of the 15 patients with carcinoma studied prior to ther 
apy had proved metastasis or a rapidly deteriorating course which suggested 
disseminated disease. These 12 patients had benzidine oxidase elevations, 7 above 
0.554 and 4 in the 0.454 to 0.554 range. Two patients with careinoma of thi 
esophagus and one with carcinoma of the reetum, who were judged clinieally 
to be without metastasis, had no elevation. One of the patients with metastatic 
disease of the liver, who was treated with nitrogen mustard in an attempt at 
palliation, had a decrease in benzidine oxidase activity (0.630 to 0.558) and 
some symptomatic response. Another patient with carcinoma of the lung, whe 
was treated with x-ray, showed a return to normal of previously elevated ben 
zidine oxidase levels (0.535 to 0.300) without an appreciable change in his 
course. Another patient with metastatic carcinoma of the lung of undetermined 
origin, who was seen initially after irradiation, showed normal oxidase activity 

Wyocardial Infarction.—The patients with myocardial infaretion had el: 
vated benzidine oxidase values throughout most of their hospitalization. In 
patients elevations were noted as early as the second day. In the cases wher 
serial determinations were obtained there was a tendeney for greater elevation 
to occur durine the second week. There was no positive correlation betwee! 


height of oxidase elevation and severity of clinical state. 


TABLE TV. RELATION OF MyocaARDIAL INFARCTION AND SERUM BENZIDINE ONXIDASS 
WEEK AFTER NUMBER BELOW 0.354 TO 0.454 To 0.554 1 
INFARCTION STUDIED O.354 0.454 0.554 0.654 

First 14 4 5 7 

Second 13 0 D } } 

Third 9 () } } | 

Fourth 5 0 l | 

Fifth 6 0) 3 3 0) 

Viscellancous Conditions (Table V).—Marked elevations of benzidine o 

dase occurred consistently during the third trimester of pregnaney. Less 


elevations were noted in patients with rheumatoid arthritis, uremia, and by 
terial infections. The 3 diabetie patients showing elevations had mild to m« 


erate acidosis: in the 6 normal subjeets the disease was well controlled. 
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TABLE V. SeEKUM BENZIDINE OXIDASE IN) MISCELLANEOUS CONDITIONS 
NUMBER 0.354 TO 0.454 TO 0.554 TO 
CON DITION STUDIED NOKMAI 0.454 0.554 0.654 
Pregnaney after 28 weeks 7 ys 5 
Congestive heart failure 19 11 S 
Cerebral thrombos's 10 9 l 
Schizophreniz 10 9 l 
Emphysema S 7 l 
Acute alcoholism } } 
Uremia 3 » | 
Peptie uleer } > | 
Rheumatoid arthritis 3 » 1 
Bacterial infections 6 » } 
Diabetes if) 6 3 


Ascorbic be ad Le els and Be nowdine Oridase Ac tivity A decrease in serum 


ascorbie acid has been reported in Wan of the disease states in whieh we found 
elevations of oxidase. The role of ascorbie acid in cellular oxidations and re- 
duetions is established and any relation to benzidine oxidase would be of 


interest. Benzidine oxidase and aseorbie acid levels were determined before 


and after administration of ascorbie acid to a group of patients. No significant 
ascorbie aeid and oxidase levels. 
Ingestion of ascorbie acid consistently raised the serum aseorbie acid concentra- 


correlation was observed between control 


tion 24 hours later. but no consistent ¢hange in benzidine oxidase was noted. 
When serum was supplemented with ascorbie acid in 


1 vitro, no significant change 
in oxidase activity was demonstrable. 


Alpha Globulin and Benzidine Ovidase.—The deereased oxidase values in 


patients with Wilson's disease are thought to result from a defieieney or ab- 


normality in the a.-globulin component of plasma proteins. Conversely, an in- 


‘rease in as-globulin level has been found in patients with many conditions in 
vhich increased oxidase was demonstrable. Infections, leukemia, obstruetive 
aundice,” third trimester of pregnaney. and myocardial infaretion® have shown 
uch globulin changes. A high degree of correlation between serum copper and 


and B-globulin subfractions has been established.” Determinations of benzi- 


line oxidase and serum protein components in a group of patients appear in 
Vable VIL Correlation of a.-globulin values and benzidine oxidase activity could 
ot be demonstrated. 


DISCUSSION 


Exeluding pregnaney, elevations of benzidine oxidase over 0.454 occurred 
equently in patients with myocardial infaretion, Hodgkin's disease, lymphatic 


ukemia with hemolysis, and metastatic carcinoma. In patients with bacterial 


fections, diabetic acidosis, uremia, and rheumatoid arthritis generally inereased 


tivity was noted, but of a lesser degree. Slight elevations were found with 


riable frequeney in patients with congestive heart failure, cerebral thrombosis, 
ptie uleer, and schizophrenia. Considerable work has appeared stressing the 


enificance of oxidase elevations in sehizophrenie patients.'’ '' The results in 


is study indieate that such elevations are not more frequent than in hospital- 
d patients with a variety of other disorders 
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The physiologie disturbance resulting in increased oxidase activity of the 
serum is not known. It seems well established that the various oxidase activities 
including benzidine correlate with, and are probably identical to blood cerulo- 
plasmin levels.7° Since 90 per cent of serum copper appears as ceruloplasmin, 
elevations of oxidase would be expected in the conditions in whieh a high copper 
level is found. Elevations of serum copper and increased oxidase activity have 
been deseribed in most of the conditions we have studied.’* The elevations of 
serum copper may be explained in some conditions by impairment of the normal 
exeretion through the biliary tract."' Sueh reasoning fits well the observed 
results In the cases of obstruetive jaundice, and may apply to the infeetious 
hepatitis and some cases of congestive failure with hepatic congestion. The 
marked elevations occurring terminally in 2 patients in hepatie coma without 
significant jaundice are not explained. Bearn and Kunkel'® reported a degree 
of elevation of serum copper in patients with Laennee’s cirrhosis, but no deter 
minations during hepatie coma were included. 

In general, the conditions which were accompanied by Increased cnzvmatic 
activity seemed to share only the presence of an increased rate of tissue destrue- 
tion and or proliferation. The commonly observed serologic responses to tissue 
destruction, e.g., elevation in sedimentation rate, increase in serum complement, 
and appearance of C-reactive protein, occur more quickly after tissue trauma 
than does the inerease in benzidine oxidase activity.'’ '* The delayed appear- 
ance of oxidase elevation after myocardial infarction is in sharp contrast to the 
prompt rise in other enzymes (SGOT and LDIT The persistence of increased 
oxidase activity after apparent clinieal reeovery in’ patients with myocardial 
nfaretion and infectious hepatitis as noted in this study suggests that the 
nzvyme elevation does not result) from = tissue necrosis alone. The Jack of 
specificity of this enzymatie change makes its use as a diagnostic measure similar 
o the sedimentation rate and C-reactive protein, except in cases of Wilson's 
lisease in which the significance of decreased value is well established.™ 

The increased oxidase values after myocardial infarction, previously re- 
vorted by Adelstein and associates,’ were found. We did not find sufficient 
orrelation with clinieal course to suggest any prognostic significance. 

The decrease in activity noted after nitrogen mustard and x-ray treatment 

patients with Hlodgkin’s disease and metastatic malignancy raises the inter- 
sting possibility that there may be some correlation of the oxidase activity with 
e rate of neoplastic proliferation. It is equally possible that irradiation and 
trogen mustard may have a direct inhibitive effect on oxidase activity. <A 
eerease in oxidase elevation in patients with leukemia, following treatment with 
CTH, has been reported.’ The similar depression of oxidase elevations see- 
dary to x-ray and nitrogen mustard argue for a direct effect on tissue rather 
an hormonal control. 

The reported decrease of serum ascorbic acid and elevation of a.-globulin 

many of the conditions studied suggested that these factors might play a part 
determining oxidase activity. Angel and associates*" demonstrated a decrease 


oxidase activity in the patients after ascorbie acid ingestion. We found 
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ascorbie acid to be without effect in vivo or in vitro on the level of benzidine 
oxidase, The coneurrenee of elevated serum copper, increased oxidase activity, 
and Increased amount ot a -vlobulin In pregnaney, Hlodekin’s clisease, and in 
fections suveested there might bea positive correlation between oxidase aetivity 
and a.-globulin through all ranges of values. In the limited group studied no 
correlation could be made. As the eopper binding protein makes up an un 
determined portion of the eas complement perhaps no correlation could be ex 
pected, 


SUMMARY 


Elevations of serum benzidine oxidase were found consistently in-patients 
With myoeardial infaretion, svstemie Hodgkin's disease, obstructive jaundice, 
metastatic eareinoma, acute Iymphatie leukemia, and in the third trimester otf 
pregnancy. In 2 patients in preterminal hepatic coma, marked elevations wer 
encountered. Minimal to moderate elevations occurred in patients with a variet) 
of elinieal conditions. No correlation of benzidine oxidase with serum ascorbic 
aeid Or a elobulin levels eould be demonstrated. A decrease from elevated lo 
normal levels following x-ray and nitrogen mustard therapy in patients with 


metastatic carcinoma and lymphoma was noted. 


We are grateful to Mrs. Annella Johnson for technical assistance 
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REMOVAL OF URIC ACID BY THE ARTIFICIAL KIDNEY IN 
PATIENTS WITH ACUTE RENAL FAILURE 
Morris GoupBeRG, M.D... Leoxnarp CastTLEMAN, M.D... AND 
STANLEY L. WALLACE, M.D. 
BROOKLYN, N.Y. 


_—, end produets Ol protein metabolism. significantly elevated i the by levered 
ot patients With acute rena insufficiency, can be removed yy dialvsis Wit! 


the Kolff twin-coil artificial kidney. Fifty to 100 Gim. or more of urea can ln 





removed.’ Schreiner and Berman’ reported marked falls, varving trom 2 te 


22 mg. per cent, In urie acid levels of 13 patients. We are hot aware ol any 
reports of quantitative measurements of urate removed during hemodialysis 
It is the Purpose of the present study to deseribe the ehanges in blood and 
dials zed urie acid and to quantitate the amount of urie acid removed in patients 


With acute renal failure who underwent artificial hemodialysis 


PROCEDURI 


Nine patients with acute renal failure who were treated with the artificial | ‘ 
were studied. \ total of 15 separate dialvses were carried out, each for a period 
hours. In S dialvses on 6 patients only initial and 6 hour urie acid determinations we 
lone. At hourly intervals, san ples Ot blood plasm aoand «cdialvzate were obtained to 
acid analvses in the ren arming 7 1aivses perbormed ol o pat ents, Blood sa ple 
‘olleeted in heparil iZed svringes Tron both the arteria ecnnnula tl rougt whiel 
lelivered to the artificial kidnev and the enous cannula thro wv} Which blood ~ 
to the patient. Blood flow rates were measured at 30 minute intervals with an I 
ri-Flat Flowrator Meter No, 2?F-1]/4-25-35/36 placed im the enous line yin sate 
was replaced with fresh eleetrolvte solution at 2 hour intervals 


METHOD 


Plasma ure acid levels were measured by the method of Praetorius. Dialvzate 
acid Was measured by a modification of this method, in which a threefold dilution ot 
sample is used instead of a thirty-fold dilution as with plasma, In recovery studies 


formed on dialvzate, 96 per cent of added urle acid was Tound to be present 


CALCULATION 


According to Wolf! dialvsis of a diffusible substance can be defined as the 


rate oft exchange of the substance between blood and bath fluid per unit: blood-batl 


centration gradient. In this manner, dialvsis ean be defined by the formula: 
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hie ‘ earal e¢ ay \ es e tlow ile isu aX 
RESULTS 


The changes in plasma uric acid before and after treatment with the arti- 


ficial kidney are in Table Lo Representative results in one 6 hour period of 


dialvsis ar 1h Table lI This dialysis procedure was 1 of 4 performed Oh a pa 


ent with acute renal failure catised 1y\ carbon tetrachloride. At the onset of 
HalVSIS the patient Was hotabls hv peruricenie, Urie acid removed at hourly 
ntervals was determined both by measurement of dialyzate samples and by eal- 
‘ulation from the dialysis formula. Total urie acid removed during the entire 
veriod of dialysis was 2.7 Gim. by direct measurement and 2.9 Gin. by ealeulation 
rom dialysis. When flow rate was reduced by 50 per cent, the amount of uric 
eld removed per unit time likewise fell. The quantity of ure acid removed 


ring eaeh 2 hour period, as determined by direct dialyzate measurement, 


CHANGES PLASMA Ukic Acip LEVELS BEFORE AND AFTER DIALYSIS WITH THE 
\ 1. KIDNEYS 
PLASMA URIC ACID LEVEI 
MBER O} -REDLALYSIS POSTDIALYSIS rOTAL CHANGI 
EN‘ MBEI MALY SES MG. % MG. “% MG. % 
| ils aes | 22.0 9.0) 13.9 
2 (hk ©. | 23.8 10.9 12.9 
ALR | 16.5 9.55 Ye 
t (BR. L | IS.S 4 13.5 
. (eG | 22.3 11.9 10 
61 P 2 0.9 13 5.6 
ie 2 2 1S.0 Ss 9.7 
‘ .. = 13.0 6.0 7.9 
} A J | Lo. 6.4 12.6 
Mean 
Values Riss 14 10 


Represents mean plasma values for the indicated numbers of dialyses 
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TABLE Il. RemMovant or Urte Acip DURING DIALYSIS IN A 
RENAL FAILURE 
PLASMA URIC ACID 
INFLOW (P, OUTFLOW (Py FLA 

HOUR OF DIALYSIS MG. % MG. % ML. 

0 16.9 16.9 

] 11.5 Og 

2 9.4 7.0 

3 9.1 6.8 

t pee 00 

D 7.4 0 

6 5.2 pe 


decreased during the course of dialysis. A greater a 


sLACE 


PATIENT 


IW RATHI 
MIN. 
390 
390 
112 
H12 
$0) 
110) 
14 


mount 


ae B Wirth AcuTt! 


RIC ACTD REMOVED 
MEASUREDIN GM. 


0.04 


().42 


Was present in the 





dialyzate in the first hour of each 2 hour period than in the second hour. 
The results of urie acid studies performed on 3 patients during the course 


1.3 


ot ’ and 


7 separate dialyses are recorded in Table IIl. Between 3.9 Gm 


FIG I 


HOURLY CHANGES IN PLASMA UREA NITROGEN AND URIC ACID 
DURING 7 SEPARATE DIALYSES 
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HOURS OF DIALYSIS 
urie acid was removed by dialysis. Flow rates duri 
exceeded 280 ml. per minute and fell as low as 801 
period of time. 

Measurement of changes in plasma urea nitrogen 
indicated a degree of fall similar to that of urie acid. 


ng dialyses 5 and 6 neve! 


nl. per minute for a brie! 


This accounts for the reduced amount of urie acid removed. 


during the same 7 dialys« 


sotween 62 and 129 Gn 


urea were removed during the 6 hour period of dialysis. 


TABLE III. Toran Uric Acip REMOVED DURING SEVEN St 
ARTIFICIAL KIDNE\ 
PLASMA URIC ACID 
DIALYSIS ONSET OF DIALYSIS END OF DIALYSIS MI 
NUMBER MG. &% MG. % 
] 16.9 5.2 
2 $3.3 7.6 
3 24.0 ye 
} 17.0 6.9 
i) 16.7 y fe - 
6 19.2 9.4 
7 14.8 6.0 


PARATE DIALYSES WITH THI 
TOTAL URIC ACLD REMOVED 
ASURED CALCULATED 
GM, GM. 

2.4 Pi 

a1 1.2 

3.9 3.8 

> Ae f 3.0 

1.6 ' 5 

2 1.4 

2.1 2.8 
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The hourly inflow-outflow differences in plasma urie acid during dialysis 


are seen in Fig. 1. The slope of the inflow curve is initially steep and becomes 


essentially curvilinear approaching the abscissa with decreasing slope. The 
curve of outflow plasina values demonstrates a similar change in slope. The 
magnitude of the inflow-outflow uric acid difference decreases gradually dur- 
ing dialysis. In the same figure is also seen the hourly mean inflow plasma 
urea nitrogen level, The slope of the curve is similar to that of mean inflow 
plasma urie acid. 


DISCUSSION 


The cellophane coil membrane of the artificial kidney allows diffusion of 
solute particles that are essentially noneolloid in nature. The forces whieh reg- 
ulate the transport of solute across the membrane are the osmotie gradient, 
whieh is determined by solute concentration, as well as the rate of flow of solute 


containing solution on either side of the membrane. In a patient with marked 


hyperuricemia there is a significantly elevated osmotic gradient between blood 
and bath fluid. In the early period of dialysis rapid diffusion across the filtering 
membrane should oeeur. Initially, the dialyzine fluid, a bath of 100 1. eleetro- 


lvte solution simulating protein-free normal plasma, contains no uric acid, 


The fall in arterial plasma urie acid in the first hour of dialysis always 
exceeded that of subsequent hours. The initial steep slope of the inflow plasma 
eurve in Fig. 1 further demonstrates this observation. As the inflow plasma 
urie aeid level falls durine dialysis, the osmotic gradient between blood and 
hath deereases and there is a subsequent decline in the rate of change of plasma 
ice acid concentration. This becomes a limiting factor in the amount of 


uric 
eid that ean be 


removed Hy diffusion under the present proeedure of 2 hour 
hanges of dialyzate fluid. 

There was a diserepaney between uric acid removal caleulated trom the 
lialvsis formula, and urie acid removal caleulated by direet measurement of the 
lialvzate level. This was particularly marked in the early hours of dialysis 
vhere urie acid levels were rapidly changing and a single P,;—P,, difference 
easured at the end of an hour may not have been representative of the ehanges 


curring throughout this interval of time. More frequent sampling, ideally 
one minute intervals, might minimize this source of error. Also, the 4 param- 
ers which define dialysis, i.e., P;, P,. flow rate, and d, have an inherent error 
Ineasurement. These may be cumulative. 

The miscible pool of uric acid in the body averages about 1 Gm. in the 
mimal individual. ° The miseible pool of the patient with nongouty renal 
sufficieney and hyperuricemia is most likely increased above the normal. The 
“h chemieal efficiency of the artificial kidney becomes readily apparent when 
ie acid in amounts up to 4+ Gm. ean be removed in a single 6 hour period of 
ilVSis. 

Dialvses No. 1 through 4, recorded in Table TIT, 


were performed in 1 
lent at approximately 4 day intervals. 


I[vperuricemie and azotemie levels 
ined in a relatively short interval of time despite the removal of large 
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amounts of urie acid and urea nitrogen during each period of dialysis. No 
protein or nitrogenous substances were given to this patient. Prednisone 
was administered beeause of severe hepatie failure, whieh was present with thi 
acute renal insufficieney and persistent anuria. The interval between dialyses 
No. 5 and 6 in patient 2 was 4 days, and during this time the plasma urie 


2ime. per cent at the end of the first dialysis to 19.2 meg. 


acid level rose from 7 
per eent at the beginning of the second dialysis. The urea nitrogen level 
rose from 99 to 241 me. per cent in the same interval. This patient received 
nitrogen-free intravenous fluids, and intramuscular testosterone was adimin 
istered daily. In a normal adult subjeet on a low purine diet the average 24 
hour urate exeretion is approximately 400 me The rise in plasma urie acid 
and urea nitrogen levels represents accelerated endogenous protein catabolism 
in those patients with anuria who received no nitrogen-containing substance, 

The fluid volume from whieh urie acid and urea are removed during dial) 
sis was calculated using the dilution principle. The data shown in Table TV 
indieate a greater urea than urie acid “compartment” for each dialysis. The 
value obtained for urea may approximate the total body water. The eal 
eulated urie acid “compartment” was compared to a lo minute radiosodium 
space® performed in 2 of the 5 patients prior to dialysis. In each patient the 
radiosodium space was less than the urie acid “compartment.” The artificial 
kidney removes urea which may be derived from the total body water, whereas 
the fluid volume from whieh urie acid is removed is less than this but may 


exceed the extracellular volume. 


rABLE TV. Ca 


ATED VoLUME OF DISTRIBUTION OF Ukic AcID AND UREA Dtring Dat 
WITH THE ARTIFICIAL KIDNEY 


URC ACID UREA 
CALCULATED CALCULATED 
DECREASE IN VOLUME OF DECKEASE IN VOLUME Of 
DIALYSIS PLASMA LEVEI DISTRIBUTION PLASMA LEVEI! DISTRIBU TIO 
NUMBEK MG. “% & MG. % Lae 
| 11.7 re 134 HO 
2 13.5 22.9 11] 18.6 
3 16.5 24.9 128 $4.5 
} 11.0 945 129 16.5 
5 V.) 16.9 14] 31.9 
6 OS dead 111 S60 
7 SS ae eS) QS ~O 6 


Patients with chronie tophaceous gout characteristiceally have marked 1 
creases In the urie acid miscible pool. Therapy with Uricosuric drugs + 
dinarily suffices to lower the pool and the serum concentration to normal + 
near-normal levels. lmprovement in renal function has been deseribed 
a patient with chronic gout treated suecesstully with uricosuric agents.” So! 


patients with chronic tophaceous gout and renal insufficiency, however, a 


*The isotope Na is given intravenously and in 15 minutes a blood sample is collect 
The dilution principle is used to calculate a radiosodium space. This study has been car! 
out by the present authors in a number of normal subjects and in patients with disturbar 
of fluid and electrolyte balance In normal subjects the 15 minute radiosodium space va 
from 16 to 21 per cent of body weight and in the nonedematous patient this probably re] 


sents extracellular volume This work has been submitted for publication 











REMOVAL OF UREC ACID BY ARTIFICIAL KIDNEY rat he 


1" fractory to the various urleosurie agents. tn such patients other means of 
producing negative urie acid balance may be of value. Removal of large 
amounts of urle acid Hyy the artificial Kidney ars lye helptul in the treat 
ment of the patient with urieosurie drug-resistant chronie renal cisease due 
to gout. Several separate dialysis procedures in a single patient might be 
required to accomplish removal of urate In amounts suffielent to Improve renal 
funetion. 
SUMMARY 


1. The removal of urie acid is described in 9 patients with acute renal 
failure who underwent i) separate dialvses On the Kol ff twin-coll artificial 
kidney, 

») 


?) From 1.5 to 3.9 Gin. urie acid was removed from 3 patients during 7 


dialvses. From 62 to 129 Gin. of urea was removed in the same dialyses. 
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THE REGULATION OF TRON ABSORPTION 
I A Srarcu ror HumMoran Facrors 


MRNEST BeutrLER, M.D..* AND ELLEN BuTTrENWIESER, B.S. 
(‘Hicaco, Tn. 


INCE the demonstration of MeCance and Widdowson! that the body does 
S not exerete iron selectively, it has been recognized that the regulation of 
absorption must be the faetor that controls the amount of iron in the body 
Indeed, it has been demonstrated repeatedly that individuals with iron deficiene) 
absorb a larger proportion of a test dose of iron than do normal subjeets. 

The many studies of iron absorption reported in the past several decades 
have been reviewed earefully by Josephs.” The nature of the mechanism by 
which the body controls iron absorption has never been elucidated experi 
mentally. Many possibilities have been proposed, but nene have been demon 
strated conclusively to be the actual mechanism of control. Graniek.’ as a re 
sult of his classical studies of ferritin, suggested that anemic subjeets absorbed 
more iron than is normal, because the anoxia of the bowel, resulting from anemia, 
tended to promote dissociation of iron from ferritin, and thus made mor 
apoterritin available to receive iron from the lumen of the bowel. For some 
years this was the most widely accepted explanation of how the body controlled 
iron absorption. However, the role of ferritin in iron transport has never beet 
demonstrated clearly; its participation in iron transport was suggested on thi 
basis of now repeatedly diseredited* ° observations regarding a ‘‘mueosal block’ 
mechanism. It has been suggested® that ferritin in the bowel may represent 
merely a storage form, as oceurs also in other tissues. Furthermore, in anemias 
associated with decreased bone marrow activity, the clinieal studies of Bothwell 
and his associates’ suggested that iron absorption is not inereased, but may eve! 
be decreased. 

Other theories have been proposed, therefore, to explain the increased iro! 
absorption that occurs in iron deficiency and under certain other cireumstances 
Two very plausible suggestions have been made by Bothwell and associates,’ an: 
by Gillman and Hathorn.s Gillman and Hathorn have suggested that the absor| 
tion of iron might be controlled by the level of certain iron enzymes in cells. W 
now realize that many iron enzymes are in a dynamie state in tissue cells” at 
that their levels are influenced by a great many pathologie states, ineluding iro 

oe 


deficiency." Bothwell and associates’ have emphasized the remarkable co 


relation between erythroid marrow activity and iron absorption and have state: 
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REGULATION OF TRON ABSORPTION, 


The connection between marrow and intestinal mucosa is not 


through the plasma iron or hemoglobin level. Another meehanism 


whereby the needs of the marrow are felt by the mucosa must be opera 
tive, 
In the present investigation, a search has been made for a humoral factor 


hat might allow the marrow to make its needs felt by the intestinal mucosa. 


‘ 


MATERIALS AND METHODS 


Veasurement of Iron [hsorpttion. 


lL. Ree ipl nit fiimals, 
Ds et 
25 grams, were used as experimental 


\. Mice: Fasting, C. F. No. 1 mice, weighing 20 to 
Iron absorption was measured by total-body counting immediately and 2 to 4 days 


“animals. 
0.5 ml. iron solution, as described by Krantz and 


after the intragastrie administration of 


associates, ! 


B. Rats: Fasting rats were anesthetized by intraperitoneal injection of pentobarbital. 
into the stomach of each animal, using a small 


vas placed in a wide-mouthed 


eud-shielded, thallium-activated 


One milliliter of iron solution was introduced 


hore flexible rubber catheter. After one-half hour, the rat 


in diameter, and radioactivity was counted over a 


bottle, 10 em. 
inches. Preliminary studies indicated 


sodium iodide erystal, cylindrical in shape, 14 by 2 
hottom of the bottle, its eNxXnet position did not 
' administered in 


that if the rat was eurled at the influence 
f counts obtained significantly. Equivalent quantities of Fe 
ive counts essentially identical with an equal dose given intragastriecally. 


~ to 4 davs after the 


he number « 


travenously to rats g: 
The seeond total-body count was carried out on anesthetized animals 


itragastric dose had been given. 


Ll. Dono faimals, 

All tissues and plasma used were obtained from female, Holtzman strain rats. Lron 
placing weanling rats on an iron-poor diet; the 
iron as iron-dextran*® intramusecularly.!2) In Experiment 6, 


The plasma used had been obtained freshly 


eficient and control rats were produced by 
ontrol rats were given 25 mg. of 
ontrol plasma was obtained from stock rats. 
v drawing blood by cardiac puncture into a heparinized syringe and by removing red cells 


nd buffy coat by centrifugation, The only exceptions were Experiments 1 and 2 in whieh 
» plasma was stored at 4° C. overnight. Ten per cent tissue homogenates in 0.9 per cent 
line solution were prepared from newly killed rats and were centrifuged at 35 g for 5 
The supernatant was used for injection. In Experiment 9, kidney, frozen for 1 


Inutes. 
at time, —1l day and —1L hour. 


nd 2 days, was used for injections given 


RESULTS 


summarized in Table 1), attempts 


In Experiments 1, and 3 through 7 
ere made to stimulate iron absorption in mice and rats by the administration 
plasma from iron-deficient animals. Various routes of administration and 
osage schedules were employed. The dosage of iron given intragastrically was 
so varied. No consistent stimulation of iron absorption could be demonstrated. 

In Experiment 2 (Table I), the hypothesis that the normal regulatory 
chanism was an inhibitory one was considered: an attempt was made to 
monstrate an inhibitory substance in normal rat plasma. Normal rat plasma 
id not be shown to exert any inhibitors Influence on iron absorption in iron- 
ficient rats. This experiment demonstrates also that the quantity of iron 
sorbed by iron-deficient rats was 3 to 6 times greater than the iron absorbed 


normal animals. 


*Supplied by Lakeside Laboratories, Milwaukee, Wis. 
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Pas [Ont 
rABLE | THE Erreer of PLASMA ON IRON ABSORPTION OF TRON-DEFICIENT AND NORMA! 
rIME OF 
INJECTION 
RELATIVE 
ro THE IN 
PRAGASTRI AMOUNT Of 
ADMINIS IRON GIVEN AVE! 
ROUTE OF PRATION OF KECIPIEN'I NUMBER oF INTRAGAS ao} 
MATERIA NJECTED N JECTION IRON ANIMAI ANIMAI PRICALLY ABSO 
he rpe me t Ne 
t ml. O.9 per cent Subcutaneous 0 min. Normal rat 2 1 omg. S.0 
Natl 
No injeetion Normal rat re l mg 1.35, 6 
fom. plasma from Intravenous sO min Normal rat l l1 my $.1 
normal donor rat lntraperitonedtd oman Normal rat | 1 me. 6.0 
Subcutaneous 30min Normal rat 2 1 me 6.0, 4 
fom. plasma fron Intraperitoned! BOomian. Normal rat | 1 omy 2.8 
iron-deticlent Subcutaneous BOoman. Normal rat cs lomy O.7, 4 
lonor rat 
kv} iment No 
foml. O.9 per eent Intravenous oul Lron-defi yy rs 
NaC] cient rat ps | 
fo omil. normal rat ntravenous 1 hour Lron-defi 1 mg. Zab 
plasmas cient rat 20.3 
hear pu iment No, 
4 ml. OD per ni ravenous oun Normal 6 O.1 me 104 
cent Nat] mouse 
No Injection Normal 10 0.1 res ‘9 
mouse 
O.4 ml. normal rat lutravenous 1 hour Normal 7 O.ton 7 
plasma mouse 
O.4 mil. iron-defi Intravenous 1 hour Normal » O.1l me es 
cient rat plasma mouse 
} r pe iment No. 4. 
0.5 ml. 0.9 per Intravenous 1 das Normal rs) 0.1 me 6. 
cent Nal t+ Wy hi mouse 
No injection Normal S O.1 me 6.0 
mouse 
.5 ml. normal Intravenous 1 day Normal 7 O.1 me. 1.8 
rat plasma Wy hit mouse 
0.5 ml. iron-defi Intravenous 1 day Normal 6 O.1 me A 
celent rat plasma + % hr mouse 
/ rpe iment No. , 
0.4 ml. 0.9 pel Intravenous 1 dav Normal 9 0.0L meg. 20) 
cent NaCl x 2 1 hr mouse 
No injeetion Normal 9 0.01 mg. 0) 
mouse 
O.4o mil. normal rat lutravenous 1 day Normal 9 O.0L my. +. 
plasma = l1 hr. mouse 
.4 ml. iron-defi Intravenous 1 dav Normal 10 O.O1 om ff 
: 


clent rat plasma 1 hr. 


mouse 
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rABLE | CONT'D 


riME ot 
INJECTION 


RELATIVE 
ro THE IS 
PRAGASTER I AMOUNT Of 
ADMINIS IRON GIVEN AVERAGI 
ROUTE (ot TRATION OF RECIPLIEN’I NUMBER Of NTRAGAS PER CEN‘ 
AL INJECTED INJECTION IRON ANIMAI ANIMALS PRICALLS ABSORBED 
nt No. 6. 
Og per Subcutaneous j davs Normal 6 OO.) me, (@Q7 4 
Nal BS E davs Mouse 
S lave 
1] day 
1 hr. 
njyeetion Normal 4) O.) me, Ate 2 
rholise 
normal rat Subcutaneous $ davs Norma 0 OO.) me j D 
nat i | lave THO se 
2 davs 
1 dav 
| hi 
iron-defi Subcutaneous } duavs Norma 0 O.1 me. 6.2+10 
rat plasmin 3 oduvs THOUS 
= Waves 
1 day 
1 hn 
nt No. 
~ O.9 per Suleutuneous t davs Normal D 0.1 me. dom Ad 
Nat] D 3’ davs MOUs 
2 davs 
l day 
1 hn 
nieetion Normal > O.1 me. VH+0.9 
THLOUISE 
normal rat Subcutaneous ! «luvs Normal ) 0.) me. 10.9+1.2 
: D 4 dave l bliss 
~ days 
1 day 
lL hr. 
ron defi Subcutaneous ! dave Normal y O.1 me. 14.15.2068 
rat plasma 3 days Mouse 
2 days 
1 day 
1 hr. 
standard error of the mean when there are 5 or more animals per group Otherwise, individ- 


s are given 


Crude extracts of liver, kidney, spleen, and bone marrow from iron-defi- 
nt rats were injected intravenously and intraperitoneally into mice. Kidney 
logenate, injected intravenously, immediately killed all the mice. This was 
ind to be true not only of kidney homogenate from iron-deficient rats, but also 
kidney homogenate from normal animals. Saline solution injeeted intra- 
nously appeared to enhanee slightly the absorption of iron. However, none of 

organ homogenates that were used inereased iron absorption bevond the 


rmal range, with the possible exception of kidney homogenate injected 
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TABLE Ll. THe Erreet oF OnGAN EXTRACTS ox IRON ABSORPTION 
riME OF 
INJECTION 
RELATIVE 
Mo THE IN 
PRAGASTRI AMOUN'T OF 
ADMINIS IRON GIVEN AVERAC 
ROUTE oO} PRATION Ot RECIPIEN' NUMBER oO} INTRAGAS- PER Ch 
MATERIAL INJECTED INJECTION IRON ANIMAI ANIMALS PRICALLY ABSORB! 
I rperime nt No. &. 
0.5 ml. O.9 per Intravenous 1 «las Normal 3 O.) me. ta {3 
eent Natl 2 1 hr. mouse [ie § 
Intraperitoneal 1 day Normal 2 O.1 me. 19 (2 
Ll hr. mouse 1.5 
No injection Normal j 0.1 me 3.11 
MOUSE t.5, 
|) 
Bone marrow from Intravenous 1 day Normal 2 OO.) me. 6.8 (9 
iron-defieient 1 tn mouse $.] 
rat, 0.4 ml. of lntraperitonenty 1 day Normal ] O.1 me. ee 
10) per cent 1 day IOLSe 
homogenate o 
Spleen from iron lntravenous 1 day Normal 3 O.1 me. 2.6 (8 
deficient rat, 1 hr. mouse A t} 
0.5 ml. 10 per Intraperitonentl 1 day Normal 2 O.1 my. 2.2 (2 
cent homogenate L he. mouse oou 
Liver from iron Intravenous L day Normal 2 O.1 me. 2.8 (6.8, 
deficient rat, 1 hr. mouse 1.8 
0.5 ml. 10 per Intraperitoneal 1 day Normal 2 O.1 me. aa (] 
cent homogenate l hr. mouse 3.1 
Kidney from iron lntraperitonen! 1 day Normal 3 O.1 me. i5 
deficient rat, lL hr. mouse S.S 
0.5 ml. 10 per 
cent homoge nate 
° 
I: rpe rement No. - 
0.5 ml. 0.9 per Intraperitoneal 2 days Normal 6 O.1 me, on ed || 
cent NaCl 3 l day mouse 
L hr 
No injeetion Normal 6 0.1 mg. 1970.9 
mouse 
Kidney from nor Intraperitoneal 2 days Normal 6 0.1 me. D0 ) 
mal rat, 0.5 ml. 1 day mouse 
10 per cent sus l hr. 
pension 3 
Nidney from iron Intraperitoneal 2 days Normal 6 0.1 mg. Oo ) 
deficient rat, 1 day mouse 
0.5 ml. 10 per 1 hr. 
cent suspension 
tl standard error of the mean when there are 5 or more animals per group Otherwise 
ual values are given. 
Intraperitoneally. Study of the effect of kidney homogenate injected intrape 
. > } 4 . NI ’ > rl . 
toneally in a larger number of animals (Experiment 9, Table IL), howeve 
failed to show any significant effect upon iron absorption. 
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DISCUSSION 


Moore! and Bothwell and associates’ |’ have pointed out that there is a 
striking parallel between bone marrow aetivity and the absorption of iron. 
This correlation has been confirmed reeently by Krantz and co-workers!’ and 
by Field and associates." 

There are several possible explanations for these findinws. It is possible 
that the same conditions that give rise to increased marrow activity (namely, 
anemia, anoxia, and cobalt administration) also affeet the mucosal cell directly 
and thus give rise to increased iron absorption. Moore,'' however, has observed 
that iron-depleted dogs absorb iron equally well under atmospheric conditions 
and in a 7O per cent oxygen atmosphere; transfusion of women with iron 
deficiency to a normal hemoglobin level failed to affeet appreciably the amount 
of iron absorbed. These observations, along with those of Bothwell, showing 
decreased iron absorption in severely anemie subjeets with inactive bone mar- 
row, Suggest that anemia and anoxia are not primary controlling factors. 

Second, it is possible that both iron absorption and marrow activity are 
stimulated by the same humoral mechanism, namely: erythropoietin. However, 
Krantz and co-workers'’ have shown that plasma and plasma extraets ri¢h in 
erythropoietic activity failed to stimulate significant iron absorption in poly- 
evthemie mice. Another possibility, which has been investigated in the current 
study, is that the bone marrow makes its needs felt through the bowel by pro- 
ducing a humoral substanee that stimulates iron absorption. Failure to demon- 
strate the presence of a hormone does not prove that one is not present. However, 
our Inability to demonstrate any aetivity in plasma and hematopoietic organs 
of animals eapable of absorbing greatly increased amounts of iron casts some 
doubt on the hypothesis that the marrow exerts a humoral control over the 
mucosal absorption of iron; this should lead one to reconsider, more seriously, 
alternate hypotheses, such as that of Gillman and Hathorn.> It is evident that 
further observations and eritical evaluation of data already available must be 


earried out if we are to solve this challenging problem in physiology. 
SUMMARY 


lron absorption has been measured with appropriate controls under the 
followine conditions: 


1. Plasma from iron-deficient rats has been injected into normal miee and 
normal rats. 

?} Plasma from normal rats has been injeeted into iron-deficient rats. 
3. Crude extraets of rat liver, spleen, kidney, and bone marrow have been 
injeeted into normal mice. 

No humoral stimulation or depression of iron absorption could be demon- 


strated in any of these experiments. 
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ERYTHROCYTE METABOLISM 
lL. The EQUILIBRATION OF GLUCOsE-C! BrerTWEEN SERUM AND ERYTHROCYTES 


J. R. Murpeuy, M.D., CLEVELAND, OHIO 


i srw Is the initial report olf a series of studies related lo eryvthroevte mie 
tabolism. Eryvthroevtes form a readily available tissue that can be studied 
In an in vitro System with minimal manipulation and under various conditions. 
These studies will deal with the ene roy metabolism of ervthroevtes and its re 
lation to disease states, storage of blood, ani aeine ot ervthroevtes, Other 
studies will be econeerned with biologic phenomena, hot directly related lo ervth 
rocvtes, but employing this tissue as an experimental system. The first 3 reports 
in this series will eoncern the rate of equilibration of elucose between erythro 


evtes and serum, the utilization and pathways of glucose metabolism, and the 


ot metabolie and phir sien! hactors afte etine the osmotic behavior ot ervthire 


{ 


eVTCs iIneubated in vitro. 


Prior to the investigation of the utilization of @lucose-C™* by human 
ervthroevtes, it was essential to determine how rapidly o}]ucose-C 4 added lo 
blood in trace amounts, equilibrated with the elueose within the ervthroevte. 
Previous studies indieate that there is very rapid) equilibration of @lucose 
from serum into the ervthroevte When there are large differences in the con- 
centration in the serum and in the ervthroeyvte.-* There are no data, however, 
on movement or turnover of glucose into, and out of, the ervthroeyvte at norma! 
elucose concentrations. Tf the equilibration of the @lueose-C™* were dependent 
m the utilization of the intracellular elueose and its replacement by the glucose- 
("'! from the serum pool, then rate studies of glucose-C'™ utilization could not 
” based on a zero time as the time when ol eOSe (4 was added to the blood 
sample. However, if the equilibration were rapid, and the intracellular 
rlucose and serum elucose represent a single pool, then the period required for 
lixing of the tracer elucose-C™ in the total @lucose pool is not an important 
‘consideration, and the time of addition of e@luoese-C™ may be taken as the 
t the 


acer throughout the ol Weose poo! of the serum and in the ervthroevte when 


nitial time. The present studies indieate that there is very rapid mixing 


Heose-('l4 in Trace amounts IS added oO blood 
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MATERIALS AND METHODS 
Normal human venous blood was obtained from men, defibrinated with glass beads, | 
| 


centrifuged at 1,500 g for 20 minutes, the buffy coat removed, and the cells resuspended in 


the serum at a hematocrit of 50 per cent. The pH of the blood was adjusted by equilibrating 


the blood with a gas consisting of CO, and air. The eontent of CO, was adjusted to obtain 
the desired pH. 

All radioactivity data were determined from barium carbonate plates counted to a 
reliable error of less than per cent ino a gas flow windowless counter and = correeted to 
infinite thinness, The glucose determinations and combustions were done as deseribed 


previously, 


For the study of the movement of glucose into the ervthroeyte, 1.0 mil. of the 


at the desired pil was placed in six Lusteroid tubes, eooled to 5° ¢ 
for 15 the 


from each tube was pooled and mixed with 5 


pended eryt hroey tes 
oe €. serun 


The 


centrifugation 


io 


and centrifuged at 2,000 » minutes at Following 


meg. of glucose-6-Clt per ml. of serum. 


incubated 


sera containing the glucose-6-Cl4 and the tubes with packed cells were then 
separately in a water bath for 5 minutes to bring them to the temperature desired fon 


incubation. Two milliliters of serum containing glucose-6-C14 was added to each tube contain 


ing 2.0 ml. of packed cells, mixed, and incubated. The tubes were centrifuged in an Adams 


**Sero-Fuge’’ for 1] at various time intervals at) room 


rhis 


allowed minimal centrifugation time. 


centrifuge minute temperature 


angle-head centrifuge was used beeause its rapid aceeleration and deeeleration 


The time interval for each sample is recorded as the time 


from the beginning of mixing to the beginning of centrifugation. The Ct aetivity of the 


serum was determined by combustion’ of 0.20 ml. aliquots of serum obtained, after centrifu 


gation, from the top of the serum column in the tubes. 





The movement of glucose out of the erythroevte was studied in the following manner 
\fter the initial centrifugation and removal of the buffy coat, the cells were resuspended 
to a hematocrit of SO per cent in serum and the pil was adjusted. The blood was thet 


incubated with glueose-6-Cl4t at 37° C. 











for 15 minutes to label the intracellular glucose pool, 


co mi 


{UM 


66 


and then eooled to 5° © Serum, 2.5 ml., without glueose-Cl4 was mixed with 1 
TABLE [. Dinvrion oF SERUM GLUCOSE-6-C1l4 WHEN MIXED Wirth AN Equal VOLUME ot 
ERYTHROCYTES WirHnoutr GLucosE-C!! 
EXPERIMENT A PER CENT OF ORIGINAL €14 CONCENTRATION IN) SEI 
INCUBATION 
rEMPERATURI riMI MINUTES AFTER ADDITION OF SERUM )¢ 
Cc. PH 0 0.5 ‘5 1.0 7.0 
5 7.0 100 58 60 D4 53 
20 100 60 56 54 
27° 100 59 55 D4 4 
EXPERIMENT B} 
rEMPERATURE riMt MINUTES AFTER ADDITION OF SERUM 
c.) PH 0 0.5 ee 1.0 10 
37 7.8 100 DS 57 55 
37 7.5 100 67 DS 56 55 
37 7.4 100 DS 56 
35° 7.5 100 57 56 
15° 7. 100 62 57 
5 7 100 63 aye) 
EXPERIMENT ¢ 
rTEMPERATURI TIME (MINUTES AFTER ADDITION OF SERUM )+ 
C. PH 0) 15 aa 17 3 
37 7.5 100 63 5S D4 53 
*icxperiment A Serum glucose SS milligrams per cent, packed cell glucose 
milligrams per cent 
TTime indicates beginning of the 1 minute centrifugation. 
¢Experiment B: Serum glucose = 114 milligrams per cent, packed cell glucose 


milligrams per cent 
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blood hematocrit SO per cent with glucose-6-Cl4, incubated at various temperatures 


and pH’s, and centrifuged for one minute after various time intervals. The C4 aetivity 
in the serum was determined from 0.20 ml. samples obtained from the top of the 
column. 


serum 
The control value or concentration of glucose-C14 in the serum, prior to dilution, was 


determined in duplicate on serum obtained after centrifuging the blood (hematocrit 80 per 


eent), prior to the addition of unlabeled serum. These studies were designed to insure 


that the ratio of glucose concentration in the erythrocyte to that in the serum was not 


changed, 
RESULTS 


Table | indieates that the addition of serum containing g@lucose-6-C™ to an 
equal volume of packed erythroeytes that did not contain glucose-C* resulted 
in a very rapid decrease in the C' concentration in the serum. Nearly all of 
the dilution occurred in the first 30 seconds after mixing was begun. The rate 
of the dilution of glucose-C'™ in the serum by erythroeyvtes was not significantly 
different at pIl’s of 7.1, 7.5, and 7.8, or at temperatures of 5°, 20°, and 37° C, 
The slight deerease of the glucose-C' activity in the serum after the initial 
equilibration is in part due to the utilization of the glucose. 

Table TL indicates that the decrease of C' aetivity in the serum, resulting 
from the addition of serum without g@lucose-6-C' to blood (hematoerit 80 per 
cent) with gluose-6-C™, was not nearly as great as would be expected if only the 
elucose-6-C'* of the original serum had been diluted by the added serum. The 


ddition of 2.25 ml. of serum without e@lucose-C'* to 0.25 ml. of serum with 


elucose-C'* (1.25 ml. blood, hematocrit SO per cent) would result in a tenfold 


lilution of the e@lucose-C'! activity if glucose did not move out of the cells. If 
complete equilibration occurred, resulting in equal intracellular and extra- 
ellular g@luecose-C'™ concentrations, the final serum would contain 37.5 per cent 

the original value. The minimal dilution of the ('* aetivity in the final 
erum represents the movement of glucose-6-C™ out of the erythrocyte. The 
quilibration of the g@lucose-6-C'™ in the final glucose pool occurred very rapidly 
nd was not significantly different at the pH’s or temperatures studied, 


BE TE. Dinerton or SERUM GLucosk-Cl4 WHEN SERUM WitrHouT GLUCOSE-C14 IS MIXED 
Wirh Bioop (Hematocrit SO PER CENT) CONTAINING GLUCOSE-Cl4 


RATIO 
% C14 ACTIVITY IN SERUM GLUCOSE 
ON DITION THEORETIC RESULTS CONCENTRA- 
BATION TIME AFTER MIXING NO COMPLETE TION 
RATURE BEFORE (MINUTES ) EQUILIBRA EQUILIBRA- |_ PACKED R.B.C, 
Cc PH MIXING 2 } 7 15 30 TION TION SERUM 
7 7.8 100 28 29 27 27 237 10 37.5 0.735 
7° 75 100 36 32 32 32 3 10 37.5 0.736 
7 7 0 2¢ ss i 3 —- 37.5 75 
aon 10 »g 8 3] +1 10 0.754 
) yes 100 29 28 29 29 29 10 37.5 0.736 
) 1.0 100 27 26 - - _ 10 370 0.736 
One milliliter cells, 0.25 ml. serum, and glucose-C™ were incubated 10° minutes. Two 
twenty-five hundredths milliliters serum without glucose-C'™ was added to blood (hem- 
it 80%) containing glucose-C™ The C™ concentration was determined on the mixed 


m_ obtained by centrifuging at room temperature for one minute at specific times after mix- 
The control value was determined in duplicate on the serum from the original mixture of 
and serum. The theoretic results are not corrected for trapped serum. The theoretic value 
ymplete equilibration is based on equal unit volume concentrations of glucose in serum and 
i red blood cells. 
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DISCUSSION 


The data in Table | sueevest that when serum containine trace amounts of 


; ‘ 


elucose-6-C and eryvthroevtes are mixed, the elueose-6-C equilibrates Ver 
rapidly with the intracellular glucose. The serum and eryvthroevtes were pre 
pared in the cold to prevent a change in the relative elucose concentrations in 
eaeh 

Two possible sourees of error in the studies of the movement of eo ldeose Di 
Into the ervthroevte are: l any serum in the original volume of packed 
ervthroevtes would inerease the dilution of the glucose-C™, and (2) the smaller 
el lceose pool in the ervthroevtes, heeause of the lower water content, 65 pel 
cent,” would result in a decrease in the dilution when equal volumes of erythro 
evtes and serum are mixed. Both of these factors are significant, but would 
tend to eaneel each other. 

In the studs of the movement of elueose out of the ervthroevte, complet 
equilibration on a volume basis would have resulted in a higher C™ Hevivits i} 
the serum. llowever, if it were possible to correct the theoretie value for the 
differences in glucose concentration in erythrocytes and serum on the basis o 
water content, the result probably would be very similar to the observed exper 
mental results. The glucose concentration in the added serum was the same ; 
that in the serum obtained by centrifuging the original blood, ST me. per cent 
Exeept for the initial 15 minute equilibration period required to label the intr 


eecllular olucose pool with ol Weose ()**. the ervthroevtes were handled at ») ( 


14 


to prevent the metabolism of elucose-6-¢ to lactie aeid whieh could diffuse or 
of the ervthroevte. Insignificant quantities of labeled lactic acid would | 
produeed under the conditions of the study. 

In the studies of the movement of glucose out of the ervthroevte a hemat 
erit of SO per cent was chosen for the following two reasons: 1) to have 
relatively small volume of serum and not just trapped serum containing e! 
ecose-C'* to which a relatively large volume of unlabeled serum is added, at 

to allow sufficient mixing during the initial incubation to label the inti 
cellular glucose pool. When serum without gluecose-C'™ is added to blood eo. 
taining glucose-C'™, the C'! coneentration in the final serum is proportional! 
the total glucose space, ineluding that within the erythroevte indicating 1! 
elucose-C'* had moved out of the ervthroevte. The dilution of C' acti 
oceurs very rapidly. Absorption of glucose-C'! onto the erythroeyte is anot 
possible explanation for the dilution of C'™ activity when erythrocytes are add 
to serum containing glucose-C'', Sueh a phenomenon would have to be deti: 
as a specific isotope effect, that is, the glucose molecule containing C' and 
non isotopic glucose react differently. This seems unlikely since the same 1 
tive dilution of glucose-C'! occurs when different absolute quantities of © 


used. Also the data on the movement of @lueose-C''4 


out of ervthroevtes wo 
he diffieult To explain on the basis ot absorption followed Hy elution off 
ervthroevte. 

The erythrocyte differs from many other types of cells in that it eont 


free or nonphosphory lated intraeellular olUeose. The results ot these stu 
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sugeest that at normal fastine-blood elueose concentrations the ervihroevte 


membrane is freely permeable to elueose-C'' Assuming that there is no isotopic 
ffeet from €! in the olHeose molecule, Thre rapid movement of o}WEose-Cl4! in 
nd out of the ervthroevte indieates that intracellular and serum: e@lucose may 
" Constde red as oe ania the Sale pool, aid threat elcose IS diffusine in and oul 
of the erythroeyte continuously. Mawe.! in reviewing the evidence favoring an 
etive or facilitated transfer of elucose Into the ervthroevte, emphasizes the 
echnical difficulties In the study of elieos permeability ot the ervthroevte. 
Phe data favoring active transfer of e@lucose have been obtained from studies 
of eryvthroevtes suspended in salt solutions and at high e@lucose concentrations. 


\Mawe concluded, from studies of fresh cells i 


plasma and salt solutions, that 
cose penetration followed in the laws of simple diffusion. The rapid move 
went or turnover of oO | WEOSe into. and out ol, the ervthroevte, observed in these 
studies, would seem to favor the simple diffusion theory of elicose movement 


rough the ervthroevte membrane at normal elueose concentrations. 


CONCLUSIONS 


1. Trace amounts of elueose-C'! in serum equilibrates rapidly with intra 
lar glucose at normal @lueose coneentrations. 
% Intracellular elucose-C equilibrates rapidly With serum elucose. 


i 


3. The rapid movement of tracer amounts of elueose-C' into, and out of, 
throevtes at fasting glucose concentrations is not significantly different at 
emperatures of 357°, 20°. and 5° C. at pH 7.5, and at pll’s of 7.8, 7.5, and 7.1 
hi € 
t. Crlucose penebrates thie ervthroevt membrane 1y\ simple diffusion at nor- 
o | UCOSe concentrations when ers throes tes al suspended in serum, 


». The equilibration of elucose im the ervthroevte IS SO rapid that immediate 


ibution ean be assumed for trace amounts of @lucose-C 
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ERYTHROCYTE METABOLISM 
Il. GLUCOSE METABOLISM AND PATHWAYS 


JoHN R. Murenuy, M.D. 
(CLEVELAND, OHIO 


IIE energy available to the erythrocytes in mammals from the metabolism 
Sa glucose is derived from at least two metabolic pathways. The first 
the anaerobic Embden-Meyerhot pathway, results in the formation of lactic 
acid from glucose and the production of high energy phosphate bonds in ATP 
There is no CO. produced from glucose by this metabolic pathway. Th: 
functioning of the Embden-Meyerhof pathway in’ erythroeytes has bee 
demonstrated by the isolation of known intermediate compounds and by 
specific enzyme studies. Seeond, the aerobie phosphogluconic pathway, rr 
sults in the production of potential energy as TPNHEL and the formation o| 
CO, from the first carbon position of the 6 carbon atoms in glucose. Thi 
significance of the aerobic pathway in mammalian erythrocytes has not been 
determined. 

Previous investigators have demonstrated that mature human eryvthroeytes 
utilize oxygen." The rate of oxygen utilization of normal blood is’ rela 
tively low compared to that of other tissues.'. A marked = stimulation « 
oxygen consumption in the presence of methylene blue was demonstrated | 
Harrop and Barron.’ Dische'® deseribed the utilization of ribose phosphat 
an intermediate of the aerobie pathway, by erythrocyte hemolyzates and thy 
conversion of this pentose to hexose monophosphate and lactie acid, deme 
strating the presence of the necessary enzymes to convert an intermediat 
the aerobic pathway to an intermediate of the anaerobie Embden-Meyer! 
pathway. Other studies with glucose-C'™ indicate that only insignific 
quantities of glucose are metabolized by the aerobic phosphogluconic pat 


9, 11 (ig. ] ). 


way” * 

The triearboxylic acid cycle if present in human erythrocytes could + 
tribute C™%O. from labeled glucose. However, other studies’ * ° and 
results of these studies indicate that the tricarboxylie acid cycle does 
function in mature human erythrocytes. Thus the only known mechanism 
(QO. to be produeed in erythrocytes is the phosphogluconice pathway. 

The data reported here indicate that in erythrocytes which are suspen: 
in serum an average of 11 per cent of the total glucose utilized is metaboli 
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Volume 35 GLUCOSE METABOLISM AND PATHWAYS IST 
by the phosphogluconic pathway. The rate of total glucose utilization as well 
as the relative contributions of the two pathways, the Embden-Meyerhof and 
the phosphogluconie, are signifieantly altered by pH, oxygen tension, and the 
nucleoside, inosine. 

The blood samples were treated as physiologically as possible by the use 
of fresh defibrinated samples with no washing of erythrocytes and by avoid- 
ing the use of any mediums except autologous serum, 


MATERIALS AND METILODS 


Venous blood was obtained from healthy white men who had not donated more than 


100 ml. of blood in the previous vear or more than 100 ml. in the previous 6 months to 
insure a normal age distribution of erythrocytes. 


Blood was defibrinated with glass beads 


in large Erlenmeyer flasks containing an atmosphere of 95 per cent air and 5 per cent 
CO, at room temperature. It was then centrifuged twice at 1,500 


vy for 20 minutes. The 
buffy coat 


Was removed after each centrifugation and the cells were resuspended in the 
serum. A minimum number of erythrocytes were removed with the buffy coat. 


The final 
suspension of erythrocytes contained fewer than 50 white blood cells per ¢.mm. 


The final 
per cent and determined in duplicate in 
Wintrobe tubes centrifuged at 1,500 ¢ for 30 minutes. 


hematocrit was adjusted to 50 per cent + 


PATHWAYS OF GLUCOSE METABOLISM IN THE ERYTHROCYTE 





PHOSPHOGLUCONIC EMBDEN — ME YERHOF 
PATHWAY PATHWAY 
GLUCOSE 
ATP 
, “> aop 
Glucose~6- PO, 
» 
TPN 
TPNH w= ~ 
6 Phosphogluconolactone Fructose-6~- PO, 
TPN ™ — are 
TPNH  — ' ; “= oo 
6 -Phosphogluconic o Fructose-! ,6-PO, 
‘ 
' ’ 
co, + Ribulose PO, - =~ Glyceraidehyde PO, ~~ Dihydroxyacetone PO, 
' DPN —~ 
DPNH — 
INOSINE 


7— 2 aop 
{ 
4 “— 2 ATP 


Pyruvic acid 
OPNH | 
OPN | 
LACTIC ACID 
Fiz. 1 The broken lines indicate intermediates and reactions that are not shown. 


Preliminary studies indieated that, following rapid adjustment of pll, frequently the 


e of glucose utilization during the first hour differed from that during the second to 
th hours. 


Thus all experimental ineubations were preceded by a 1 hour preincubation 
7° ©. During the preliminary incubation period at 37° C. the pH of the blood was 
idly adjusted to 7.5 by equilibration with a continuous flow of air and sufficient CO,, 


irated with water vapor at 37° C., to result in pH of 7.5. The oxygen content of the 
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ISS 
to the addition of CO, The gas mixture was all 


prior 
5, the pL was adjusted 


studies ata pl other than 7. 
\ similar procedure was followed 


eq tilibrating vus refers to the gas 
and CO. unless stated otherwise. In 


to the experimental pH during the preincubation period, 


for the studies at different oxygen concentrations ino the equilibrating gas. Blood was 
equilibrated with various concentrations of oxygen during the preliminary incubation 
preerboed, hie equilibration on preincubation was carried out in glass beakers whieh were 

| were covered with a rubber dam through which a set of pH 


ess than 20 per cent full and 
eleetrodes were inserted. All pl determinations were made with 


Model H 


At the beginning oft 


a Beckman pH meter 


the experimental incubation, 10.0 ml. of blood was transferred 
by a calibrated svringe to I20 ml. wide-mouthed bottles containing less than 10 ug of 
vlucose-Cl4, which had been in a solution and allowed to dry as were all other substances 
Kach vessel contained a pall ot pH electrodes and two 1S ruuve 


that were studied. 
which were inserted through a rubber 


hvpodermice need attached to three-way stopeocks, 


stopper The vessels were flushed with the equilibrating gas during the preincubation 


per 


and shaken 


the vessels were submerged in a water batl 


A total of 16 samples could by 
at: 22.8" ©. = OJ 


od, During the experimental incubation, 
at 45 ¢.p.m. through an are of 2 inches. 
All experimental incubations were for 2 hours 


neubated at one time, 
vessels wus determined at the 


inless otherwise stated The pH of the samples in the 
Minor adjustments were made in the pH 


“yt 
al 


heginning and end of the incubation period. 
neubation by changing the 
of the pH during the incubation was about 0.05 
reater, 0.04 pH units pet 


the begin ing of the (‘), content of the equilibrating Tus 
\t pH 7.5 the rate ofr decrease pH units 
in the pH when starting at pH 7.8 was g 


per ho aT Che decrease 
relatively large vessel, for a 10 on 


sss at pH 7.1, 0.02 pH units per hour. The 
mize changes in pCO, and pO, during the ineubation. 

2.0 ml. of O.4 N sulfurie acid whicl 
the C140, in the blood. Aliquots 


hour, and le 
sample, Was used to mini 


The incubation was terminated by the addition of 
5.0 releasing 


reduced the pH of the mixture to less than yg 
of the blood for glucose and lactic acid determinations were taken prior to the ineubation 
| sample was removed from the vessel through one ot 


and atter the acidification. Phe 
ot | 


140)... The glucose and lactie acid determinations were 
The total carbon dioxide for ¢ 


the needles to prevent Oss 


ubes of duplicate filtrates. 


‘carried out in duplicate t 
2 N NaOH (CO.-free) by flushing the 


incubation vesse 


determination was collected in 

with CO, free air following the acidifieation. All radio activity data were determine: 
from barium carbonate plates eounted to a reliable error of less than 2 per cent in a@ gu 
flow windowless counter and corrected to infinite thinness! Phosphate determinatior 


Trichloracetic acid filtrates were prepared by addit 


by the Gomori method.t4 
trichloracetic acid and centrifuging 


0 ml. of whole blood to 10.0 mi. cold 10 per eent 


were done 


incubation vessel. When pl 


obtained from the same 


Phosphate and C!lt data were not 
terminated when the glueose a 


studied, the incubations were 


phate balances were : 


phosphate filtrates were prepared. 


The relative and absolute amount of glucose metabolism by the phosphoglueo: 
pathway is caleulated from the total glucose utilization and the C10 recovery whi 
erythrocytes are incubated with glucose-U-Cl4 sinee this pathway is the only know 
source for ClO, from eglucose-C!t, The following calculations are used to determine 
phosphogluconie pathway metabolism. The quantity of glucose metabolized by the ph 
phogluconic pathway is defined as the quantity of glucose-6-phosphate that undergoes 


series ¢ 


if enzymatic reactions that have been grouped together under the term phosp 
gluconic pathway. Each mole of glucose metabolized through this pathway results i 
ft TPNH. The ecaleulations inelude that portion of the origit 


mole of CO. and moles 


ylucose-6-phosphate that is reeveled through this pathway 

The glucose-C™ labeled in the 1, 2, or 6 carbon position (G-1-C™, G-2-C™, G-6-C 
was obtained from Dr H. S. Isabell, National Bureau of Standards, Washington, D 
Glucose-C™ uniformly labeled (G-U-C™) and C™ carboxyl labeled sodium pyruvate were | 
ehased from the Nuclear-Chicago Corp Nut 
tional Biochemicals Corp., Cleveland, Ohio. 


Ill Inosine was obtained from. the 


Chicago, 














\ GLUCOSE METABOLISM AND PATHWAYS IXY 

\ 

‘otal glucose utilized initial glucose final glucose (1 
The total glucose utilized is obtained from the initial and final glucose determinations. 

Potal counts per minute utilized total e.p.m. added per cent of initial glucose utilized (2 


The total counts per minute (e.p.n itilized is caleulated trom the known = e.p.m., 


added prior to the incubation and the per cent of the init 


lal gltcose that Wis utilized 
luring the ineubation. 


eopem. recovered as CuO ‘ no 
Per cent by phosphoglucomie pathway . } 
Otal ¢.p.m. utilized 
shine eT See of the total glucose utilized that was metabolized by the phosphoglu 
MIC pathway P.G.P. Is based on the ree 


very of ClO total e.p.m,. divided Iyy the 


elucose-U-Cl4 (e.pem.) utilized. The ClO, recovered is multiplied by a factor of 6 because 
the (lt netivitv in uniformly labeled glueose is distributed throughout the 6 earbon posi 


tions, only | of whieh (Cl) goes to CO, when the molecule is metabolized by the P.G.P. 
Thus if all of the glucose that was utilized went through the P.G.P. only 1, of the Cl 
ould be recovered from glucose-U-Cli, Tf the aleulations were based on glucose T-Cli, oa 
factor of 6 would not be used beeause al ot the ¢ jin each molecule metnbolized bw the 


P.G.P. wou 


d result in Clad), 


P.G.P. metabolisn per cent by P.G.P. total glucose utilized, } 
The absolute amount of glucose metabolized through the P.G.P. is caleulated fron 
total glueose utilized and the per cent utilized by the P.G.P. It should be emphasized 


that the phosphogluconie metabolism is the amount of glueose going through this pathway 
not the amount of @lucose metabolized to CO 


All of the olucose and laetie acid lata are eXpressed as ug er minute per nu illiliter 


f blood at a hematoerit of 50 per cent. 


The process oft equilibration ‘iT a ad Ition I ntermedimate poo Ss of Various Sizes are 
ayor problen s in timed or rate studies ut lizing sotapes, Previous studies indicate that 
lucose-Clt added to blood equilibrates rapidly with the glucose pool within the erythro 


; 
ch 


The further dilution of the glucose-Cl4t through the various intermediates from the 
ose pool to the reaction from whieh ClO, results by the phosphogluconie pathway is 
ery little compared to the total amount of intermediates present in the erythroeyte 


ig. 1). This is refleeted in a constant rate of CMO, production in the first to fourth 


irs of ineubation with glucose-C!4 at 37° C. after the preliminary incubation for 1] 
ur without ol 1@ose-C 14 at x ¥ | es, ‘ The absence rf elyeogen it the ervthroevte also 
litates this type of glucose balance study in ervthroevtes, The reactions involved in 


e production of C140. from glucose-Cl4 by the phosphogluconic pathway are shown in 


oe. 8% (ilucose is phosphorylated to glucose-6-PO, which undergoes a dehvdrogenase 
ction to 6 phosphogluconolactone, This is then converted to 6 plhosphogluconate which 


verted to ribulose 5-PO, and CO. by another dehvdrogenase reaction. Thus 


there are 
ry tew pools bevond glucose itself that further dilute the lsatape prior to the produe 
of (M4Q0,.. There is further dilution of the portion of the 5 carbon fragment that re 


rms hexose and is reeveled through the phosphogluconie pathway. 


RESULTS 

Rate of Glucose Metabolism.—The rates of total glucose utilized and the 
te of glucose metabolism via the phosphogluconic pathway are shown in 
ible T. The average total glucose utilized in 25 studies of 17 individuals’ 
vnl at pli 7.0 Was 2.10 pe per minute per milliliter, hematocrit 50 per cent. 
e average amount of oldeose metabolized through the phosphogluconic 
thway was 0.23 »@ per minute per milliliter, hematoerit 50 per cent. An 
rage of IL... per cent of the total glucose utilized was through the phos 


ogluconie pathway. There was considerable variation in the results of the 
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TABLE IT, GLUCOSE UTILIZATION OF NORMAL ERYTHROCYTES AT PH 


i.e 


uG/MIN./ML.—HEMATOCRIT 50 PER CENT PER CENT VIA 





TOTAL GLUCOSE PHOSPHOGLUCONK PHOSPHOGLUCON IL 
SUBJECT UTILIZATION PATHWAY METABOLISM PATHWAY 

a Pp 1.56 0.23 14.7 
J. M. 1.96 0.19 9.7 
1.97 0.19 97 

a. 3. 1.66 0.23 13.9 
218 O.16 7eed 

1.46 0.2 14.4 

R. K. 2.00 0, 95 
1.92 (), 13.0 

iS. 73 0. 13.1 
G.R. 2.45 0, 7.4 

J. B. 2? 37 0 10.1 
R. G. 2.60 0 aah 
Ww. 2 PS ) 9.2 
L.SS 0.23 12.2 

2? 95 0.23 7.8 

i ? 62 0.29 BI 
Y 64 0.23 he 

A. B. 1.31 0.19 14.5 

& C. 1.93 0.28 11.9 
GN. 2.83 0.27 9.5 
C. Hi. 2.19 0.28 10.5 

. we 2 1.97 0.24 12.) 
ee 0.29 16.5 

A.C. 2.92 0.31 10.6 
R. W. 2 56 0.28 10.9 
Average 2.10 0.25 11.1 
Standard deviation 0.20 +0.14 +06 


All samples were incubated at pH 7.5 and equilibrated with air-COs Several individual! 
were studied at different times 


TABLE LI. RELATIVE PER CENT RECOVERY OF Cl4 AS C140, FROM ERYTHROCYTES INCUBATI 
WITH SPECIFICALLY LABELED GLUCOSE-Cl4 AND SopiuM PYRUVATE-ONE-Cl4 AT DIFFERENT PIL’ 


PER CENT RECOVERED 


PYRKUVATI 


EXPEKIMENT PH G-l-cls G-U-cl4 G-2-c14 G-6-cl4 ]-cla 
l 7.8 Loo 7 0.3 
eu 100 8.5 OS 
an 100 IS.5 0.7 
» 7D 100 110 13.0 
3 y 100 120 737 1.3 
i 7.8 100 101 1.33 1.6 
ia 100 110 15.7 Oo 
tel 100 118 16.4 1.9 
5 7.0 100 115 0.2 
6 7.0 100 120 0.4 
7.5 + M.B. 100 129 0.4 
7 7.5 + M.B. 100 137 35.0 0.3 


Eexpressed as per cent of the C™QO. recovered Compared to glucose-1-C™ at each } 
The c.p.m. of C™ added in each incubation is equal for Ea e-*- Cc, glucose-2-C™, glucose-6-( 
und in each of the six carbon positions of gzlucose-U-C™ Thus the total activity added w 
glucose-U-C'! is 6 times as great. The c.p.m. in the first carbon position of glucose-U-' 
is equal to that in glucose-1-C%, 

The C™ recovery from pyruvate-1-C™ is expressed as per cent of the total C™ actis 
added. One milligram of sodium pyruvate-1-C™ was added per 10 ml, of blood. 

*Methylene blue added, 10-* mM. final concentration, 
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same subject studied on different occasions. Thirty samples studied in dupli- 


eate resulted in an average variation of 4 per cent. 


Kffect of pi—-Blood samples from 14 subjects were eaeh studied at dif- 
ferent pH’s as shown in Fig. 2.) The rate of total glucose utilization is effected 
by minimal changes in the pH of the blood. The total glucose utilization was 
13 per cent greater at pH 7.8, and at pH 7.1 was 53 per cent less than at pH 
7. A further decrease in the rate of total glucose utilization was observed 
at pill 6.8.) The rate of aerobie glucose metabolism by the phosphogluconiec 
pathway showed minor changes at pH 7.8 and 7.1 compared to pH 7.5 in some 
studies. The average aerobic glucose metabolism was the same at the 4 pH’s 
studied. Thus, compared to pH 7.5, a greater portion of the total glueose was 


utilized by the phosphogluconie pathway at pH 7.1 and 6.8, 


EFFECT OF pH ON GLUCOSE METABOLISM 














3 . 

EFFECT OF METHYLENE BLUE ON GLUCOSE METABOLISM 
= 4; | | ' TOTAL GLUCOSE 
edd IC GLUC ie rare 
S " TOTAL GLUCOSE UTILIZATION | AEnER Came \ 
= 24 / 

E - z 3] 
€ 3 
t S 
, £ | 
g = a ue 
° : | 
€ 
~ 
= 1 | 
PHOSPHOGLUCONIC PATHWAY . “tg 
\ . 
78 75 7) 68 100 
pH PERCENT OXYGEN IN EQUILIBRATING GAS 
Fig 


F Kige 
Fig. 2.—The effect of pH on the average rate of total glucose utilization and glucose 
etabolism by the phosphogluconic pathway in erythrocytes of 14 subjects. One standard 
viation is represented by the horizontal bars. The standard deviation for the rate of aerobic 
etabolism at PH 7.8, 7.5, 7.1, and 6.8 is + 0.01, + 0.01, + 0.02, and + 0.06, respectively. 


Fig. 3 The effect of methylene blue (M.B.) on total glucose utilization and glucose 
etabolism by the phosphogluconic pathway of erythrocytes, equilibrated with various con- 
ntrations of oxygen at pH 7.5 Methylene blue 10-© mM. final concentration. 


CUO, Recovery From Specifically Labeled Glucose and Pyruvate.—The 
lative recovery of C™O, from erythrocytes incubated with specifically labeled 
cose and sodium pyruvate-1-C'' is shown in Table IT. 


The data are com- 
red to C4O. reeovered from glucose-1-C'* at each pH. 


The recovery of C™ 
distinetly different when the C' label is in a different carbon position of the 
icose molecule. 
The reeovery of C'™O., predominantly from glucose-U-C'™ and 
is consistent with the known mechanisms of the phosphogluconic 
t is, selective decarboxylation of the first carbon of the glucose 
At pH 7.8 there is little recovery of C'™ from glucose-2-C™ as 


2 lueose-1- 
pathway, 
molecule, 
compared 
the C™ recovery from uniformly or 1l-labeled glucose. At pH 7. 


) and 7.1 
re is a relative increase in the recovery of C™ 


from glucose-U-C'™ and 
cose-2-C'™ compared to glucose-1-C™. This indicates that at pH 7.5 and 
compared to 7.8, there is an inerease in the CO, formation from carbon 





“(yD 
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positions other than the | earbon position of elucose. C''Os results from glu 


cose-2-C when the CU 


label, originally in the seeond position, is randomized 
To thre first cnrbon position ot reformed hexose saniel IS neuin metabolized Ivy 


ie. | 


at pll 7.5 and 7.1 indicates greater reeveling of thy Intermeciates 


the phosphogluconic pathway The increase C''O. produetion from 


olucose » . 


of the phosphogluconic pathway at the lower pis. Stimulation of acrobie 


elucose metabolism with methylene blue further increases the reeyeling of in 
termediates and CO 


production from the second carbon position, Practically 


all of the CO production can be accounted for from the first or se cond carbon 





position ot olicose, 
The 


from eo lUucose | .; anal 


further metabolism of intermediates of the Embden-Meyerhof pathway by a 


tricarboxyvle acid evele 


Coste | qc 
the same 


Kig. | The 


recovers ot 


and o | WEOst H-€' 


absence 


") 


indicates the lack of a 


would 


14 


ot 


result ina 


o}ucose-6-C 


is minimal cony 


similar amount of © 


tricarboxvle acid evele, 


threat 
The 


mared to 


al 


'‘O). from elu 


The original | and 6 positions of glucose are in 


sientificant ¢ 


*14() 


production from ¢ 


¢arbon position in the trioses of the Embden-Meverhof pathway 


MOOT -labeled 


sodium pyruvate indieates this) intermediate of the Embden-Meverhot 
rable TE. The Erreter of PREINCUBATION AND INCUBATION TEMPERATURE OF ERYTHROCY 
GLUCOSE METABOLISM AT PHL 7.5 IN AIR-CO 
INCUBATION 
wa / MIN. ML.—HEMATOCRIT 
20 PER CENT 
PREINCUBATIO PHOSPHO 
riMi rEMPERATURI riMt rEMPERATURI rOTAL GLUCOSI GLUCONL 
HOURS é. HOURS ‘ UTILIZED METABOLISM 
| RY D4 5 0.0% 0.0] 
| 25 0.32 O11 
° 37 1.30 O20 
= 1 2.45 O35 
. i) UP O44 
| ) re avi 2.88 O19 
} 25 2 vi 1.40 O19 
! i rs a7 1.30 O19 
| 1 2 37 2.62 0.24 
PABLE I\ THe Erreer oF OXYGEN ON ERYTHROCYTE GLUCOSE METABOLISM AT PIL 7.5 
PHOSPHOGLUCONIC PATHWAY 
rOTAL GLUCOSE UTILIZATION METABOLISM 
uG/MIN./ML.——HEMATOCRIT 50% uG/MIN./ ML.—HEMATOCRIT 00% 
Ye OXYGEN IN EQUILIBRATING GAS Y% OXYGEN IN EQUILIBRATING GAS 
EXPERIMENT 3% 11 POY LOG, 3% 11% 20Q% LOOC, 

\ 5 es | 2.29 1.92 1.70 O17 O.16 W.25 O.32 

R 3.84 3.60 ? O5 » 65 O14 OPO O23 O30 

( 2.84 ? 62 2 06 0.16 0.17 42 

1) cae 1.93 1.79 0.12 O.19 4. 

| 3.40 2.15 W.15 0.17 

I 3.21 2.18 0.14 0.16 

Gi oO ~ 10 » 4 0.13 0.19 () 

i coke L.O7 1.67 0.16 0.24 (3 
\verage ; ote 2.20 2 1.99 O15 20 0.35 
*The per cent oxygen saturation of the blood in experiments A and B at the 4 ox) 

oncentrations of the equilibrating gas were 64, 84, 98, and 100 per cent, respectively 
The data are expressed as pe per minute per milliliter hematocrit 50 per cent. 
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pathway is not metabolized to a 2 carbon compound with decarboxylation 


resulting in CVO. from the carboxyl position of carboxyl-labeled pyruvate, 


pyruvate-1-C 


Temperature. The lehiperature o| ervihroevtes preceding ana during 


incubation has an effeet on ervthroevte glucose metabolism: (Table [1 (‘ooline 
blood too (". for 4+ hours or heatine bloml to 45°, compared io preincubation 
temperatures of 200 or 37 


for T hour immediately prior to incubation at 


Mm (resulted in an increase in the total glucose utilization in the subsequent 


2? hours at 57° 


Oxrygen Concentration. The OXVeCn concentration of blood also affects the 


vlucose metabolism of ervthroeyvtes The oXxVeen content of blood increased as 
the concentration of oxygen in the equilik-atinge gas was inereased, The data 
in Table IV show that an inerease in the oxveen content resulted in a decrease 
in the total glucose utilization. The average rate of total glucose utilization 
of blood equilibrated with 2 per cent oxveen in nitro@en was 127 per cent 
of the rate of total glucose utilization for similar samples of blood equilibrated 
with BO per cent oxygen. Kquilibration with 100 per cent oxVveen decreased 
the total glucose utilization to S9 per cent of the rate in an atmosphere of 
20 per cent oxveen, These data are consistent with a Pasteur effect, that is, 
decrease In glucose utilization in a high oxveen atmosphere. 

iT contrast, the elucose metabolism by the aerobie phosphogluconic path- 
way Was progressively increased in the higher oxvgen concentrations. The 
ate of glucose metabolism by the phosphogluconie pathway when blood was 
quilibrated in an atmosphere of 3 per eent oxygen was 77 per cent of the 
ate in 2O per cent oxygen. The minimal inerease in the oxygen content of 
lood resulting from equilibration with 100 per cent oxygen, as compared to 
Ir, Increased the aerobic glucose metabolism to 162 per cent of the rate when 
quilibrated with 20 per cent oxygen. 

Vethylene Bluc.—Further studies were conducted with ervthroevtes equill 
rated in 3 per cent oxygen to determine whether or not the decrease in aerobie 
ucose metabolism was a direct result of the decrease in the availability of oxy- 
n during the incubation. Methylene blue (10° mM. final concentration) was 
ded to stimulate the aerobie metabolism. Methyiene blue is aute-oxidized in 
rand oxidizes the TPNIL whieh is produced bv the phosphowluconic pathwas 

ervthroevtes. The increased TPNIL oxidation results in an increase in the 
osphogluconic pathway. Methylene blue resulted in a slight increase in the 
tal elucose utilization and a marked increase in the aerobie glucose metabolism 
‘ig. 3). The vate of glucose metabolism by the phosphogluconie pathway was 
‘reased five- to ninefold) when methylene blue was added. Since the methyvl- 
blue resulted in an inerease in the aerobie phosphogluconic pathway at low 
ven concentrations there are factors other than the low oxveen coneentration 
t result in the deerease in the aerobie phosphogluconie metabolism at low 
gen concentrations, 

The stimulation of glucose metabolism through the phosphogluconie path 
y by methylene blue not only increases the recovery of C™O. from glueose- 


but results in a relatively greater increase in the recovery of C™'O, from 
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glucose-U-C'* and glucose-2-C™ (Table 11). The greater contribution of C** to 
(‘O, from carbon positions of glucose other than the first carbon position indi- 
cates an inerease in recycling of glucose carbon through the aerobie path- 
way. Thus the inerease in aerobic glueose metabolism in the presence of 
methylene blue is associated with an increase in the formation of hexose phos- 


phate from the ribose phosphate in the phosphogluconie pathway and ran- 


domization of the original second carbon atom of glucose to the first carbon 


atom of the newly formed hexose. 


Tnosine.—Erythrocytes utilize the ribose phosphate moiety of the nucleo 
side inosine. Ribose phosphate is an intermediate compound in the phospho 
vluconic pathway (Fig. 1). 


~ 


The previously described deerease in the rate of 


EFFECT OF pH WITH INOSINE 


GLUCOSE UTILIZATION LACTIC ACID PRODUCTION 
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Fig. 4 The effect of inosine, 9 mg. per 10 ml. of blood, on total glucose utilization an 
lactic acid production at pH 7.8, 7.5, and 7.1. The data represent the average 
studies of erythrocytes of 5 subjects, each sample incubated at the 3 pH’s 
inosine in an air atmosphere 


results ot 
with and without 


EFFECT OF OXYGEN WITH INOSINE 


GLUCOSE UTILIZATION LACTIC ACID PRODUCTION 
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PER CENT OXYGEN IN EQUILIBRATING GAS 


ss Fig. 5.—Total glucose utilization and lactic acid production at various oxygen conc 
trations with and without inosene, 9 mg. per 10 ml. of blood. The data represent the aver 
results from studies of erythrocytes of 5 subjects all at pH 7.5 


total glucose utilization and produetion of laetie acid associated with eit! 
a decrease in the pil of blood or an increase in the oxygen concentration \ 
modified by the addition of inosine (Figs. 4 and 5). 


Inosine had little eff 
on total glucose utilization or lactice acid production at pH 7.8. The tot 
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vlucose utilization is further reduced with inosine at pH 7.1 compared to pH 
7.9 but lactie acid production in the presence of inosine is maintained similar 
to that at pH 7.5 with or without inosine. 

The addition of inosine to blood equilibrated with various concentrations 
of oxygen modifies the effects of high concentrations of oxygen (Fig. 5). The 
total glucose utilization in the presence of inosine is reduced at all oxygen con- 
centrations at pH 7.5. The rate of lactic acid production is not redueed in 
100 per cent oxygen as compared to the lower oxygen concentrations when 
inosine was added. Thus the addition of inosine, 9 mg. per 10 ml. blood, pre- 
vents the decrease in lactic acid production when the pH is decreased from 
7.9 to 7.1 (Table V) or when the concentration of oxygen in the equilibrating 
eas is increased from 20 to 100 per cent. 

Changes in the phosphate ester pools further define the effeets, pIL oxy- 
ven concentration, and the modification of both by inosine. In the phosphate 
balanee studies the plL of the blood was not adjusted from 7.5 to either 7.8 


or (a 2 until after the control samples for olleose, lactic acid, and phosphates 
PHOSPHATE BALANCE 


oO NO INOSINE 


NON-HYDROLYSABLE PHOSPHATE an ‘cine, 





+24 Y +24 re 
[om [lf & om [i 
2 nite — u 
- 2 -2; 
aS 
4 - 44 - 44 
> 
= 1 
: 78 75 71 3% 20% 100% 
3 pH 0, CONC 
s INORGANIC PHOSPHORUS 
& 
” 
z +84 +84 
= 
~% +44 +44 


- Oo+ - = = __' 
‘UA “PZ 3 | “P 
- 44 7 —_ 
78 75 7 3% 20% 00% 
pH o, CONC 
Fig. 6.—The inorganic and nonhydrolyzable phosphate balances of erythrocytes incubated 
2 hours at various pH’s, and equilibrated with gases of varying oxygen content, without 


with inosine, 9 mg. per 10 ml. In the pH studies the oxygen content of the gas was 
per cent The pH at the various oxygen concentrations was 7.5 


‘¢ taken and the experimental incubation started. The pH was then ad- 
ted as rapidly as possible in the usual manner. A similar procedure was 
owed for the gas, that is preliminary incubation with air followed by rapid 
libration with either 3 or 100 per cent oxygen. The usual procedure was 
lified in order to demonstrate the changes in the phosphorylated interme- 
es in the metabolic pathways. The changes in the nonhydrolyzable or- 


i¢ phosphate and the inorganic phosphorus are shown in Fig. 6. The 
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nonhydrolyzable organie phosphate represents the organic phosphate that is not 
hydrolyzed to inorganic phosphorus in | N sulfurie acid for LOO minutes at 
100° ©. This phosphate fraction in erythroeytes represents primarily 2.3 


diphosphoglveerate, The data in Iie. i represent the balances in the phos 


phate fractions during a P. hour Incubation. under the Vilrlous conditions. 


POTA ‘ COSI ARROBLO G COS \ \ 
OSINE PER PILIZATION METABOLISM PROD 
ri 10 ML. BLOOD uG/MIN./ML.—HEMATOCRIT 50 PER CEN' 
7.0 None » 40) O20 » 18 
6 me oe 0.27 Seu 
me. 1.62 OS 2 O88 
7 Nome 1.03 OS O80 
Hig. O54 O.1D 1.40 
6 me. O.37 O08 1.65 
1 0.12 OO) Ze 
l au 0] O04 ()* 


When the values at pil 7.5 in air are used as the reference point (Fig. 6 
there is positive balanee or inerease in the nonhyvadrols zable phosphate during 
the ineubation period. Inosine did not change this. At pH 7.1 in air or pil 
vo In LOO per cent oxygen there was a negative balance or decrease in net 
hydrolyzable phosphate which was prevented by the addition of inosine. Th: 
positive balance or increase in nonhydrolyzable phosphate was not as great 
at pH 7.8 or in 3 per eent oxygen at pl 7.5, as compared to pil 7.5 in ai 
The balance of Inorg@anie phosphorus reflects the changes that occurred in tl 
nonhydrolyzable phosphate, that is utilization of inerganie phosphorus ot 
negative balance when the organie phosphates were inereasing and a positi 


balance or an Inerease i 


the phosphorus when the organie phosphates wi 
decreasing. 

Thus incubation of erythrocytes at a low pH, 7.1 in air, or equilibrati: 
with 100 per cent oxygen at pH 7.5 resulted in a deerease in the total elucos 
utilization, a deerease in the lactie acid production, a loss of nonhydrolyzab 
organie phosphate, and an aecumulation of inorganic phosphorus. The ad 
tion of inosine prevented these changes. These data suggest a block or 
hibition in glucose metabolism in the Embden-Meyerhof pathway resulti 
from a low pil or high oxygen concentration. The facet that inosine p 
vents these changes suggests that the bloek in the Embden-Meverhof pat 
way is above the level of entry for the intermediates of the phosphogluco: 
pathway. 

The data regarding the rate of glucose metabolism by the phosphogluce 
pathway when inosine is added do not reflect the total aerobie glucose met 
olism (Table Vj). The apparent decrease in the aerobie metabolism reth 
recveling of carbon atoms from the ribose molety of the nucleoside result 
in the formation of hexose that is unlabeled. CO. would be produced 


the newly formed hexose metabolized by the aerobie pathway but the ¢ 
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vould not contain €'! Thus caleulations of the rate of elucose metabolism Iyy 


Lie phosphogwluconie pathways it the presence of inosine are hot valid due lo 
he introduetion of nonlabeled carbon from the ribose of ieosine 


DISCUSSION 


Marvthroeyt s metabolize glucose to lactic acid and CO 1y\ 2 pathways, the 
Vbealen Meverhot and the phosphogluconiec. The funetioning of the aerobic 
shosphog@luconie pathway under conditions approaching the in vivo environ- 
rent of the ervthroenrt is demonstrated yy the CMO recovers from specifi- 
‘ally labeled elueose, particularly from glucose-1-C'', and not from o}UEcose-6- 
(' The greater recovery of C''O. from glueose-L-C'! compared to glucose 
1 and the recovery of small amounts of C''O. from glueose-2-C'! indicates 

functioning phosphogluconie pathway and reeyeling of intermediates. The 
y carbon intermediate in the phosphogluconic pathway, ribose phosphate pro- 
duced from the decarboxylation of the hexose monophosphate can undergo 
‘leavage and various reeondensations involving transketolase and transaldo- 


ase reactions resulting in the formation of new hexose and the movement of 


the ¢ from the second position of the original glucose to the 1 position of 


the newly formed hexose, The newly formed hexose with the C'! in the 1 
wosition can then undergo deearboxyvlation in the phosphogluconic pathway 


Wd result in tO from o}UeCose pe, Wem Thus q*54¢) from ol} WEose-2-C , 


} 


only 


ecurs When the second carbon atom of the original glucose is metabolized 


rough the phosphovluconic pathways a second time, No CMO. results trom 
( Initial Course Of oldeose-2-C ‘ in the nerobie pathway, The recovery oft 
(), from elucose-l-Cl! only Indicates the amount of the original 1 carbon 


ition of the original glucose that was metabolized by the acrobie pathway 
d does not indicate the amount of hexose that is re-formed and metabolized 
the sane pathwas There would not. bre any OC" activity in the interme- 
tes of the aerobie pathway bevond the decarboxylation reaction with glu- 
se-1-C"')  Beeause of the facet that glucose-1-C'! eives no index of reeveling, 
was used to determine the total metabolism by the phosphoglu- 
le pathway, CUO 


cose | ‘> 


results from the initial metabolism as well as from any 
veling of intermediates, because the label is in all of the carbon positions. 
The increase in the reeveling of glucose carbon from the intermediates of 
aerobie pathway when blood is incubated at pil (af compared to pit 1.0, 
robably related to the decrease in the rate of total glucose utilization or 
e specifically to the inhibition of the Embden-Meyerhot pathway at pH 7.1. 

formation of new hexose monophosphate from the relatively constant 
ibolism through the phosphogluconic pathway at pil 7.1, when the hexose 
ophosphate pool is net turning over as rapidly as at pH 7.5, would result 
higher concentration of the newly formed hexose monophosphate in the 
pool. Thus with e@lucose-2-C'! there is a higher coneentration of Cl in 
| position of the hexose monophosphate at pH 7.1 than at pH 7.5 and 
in turn is reflected in the C™'O. formation. 
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The estimation of glucose metabolism by the phosphogluconic pathway by 
CO. recovery from incubation with glucose-U-C'' would not be possible it 
there were another mechanism of CO, production from glucose in erythrocytes. 
Many other tissues, including leukocytes and nucleated erythrocytes, contain 
another mechanism for )., production from glucose, that is the tricarboxylic 
acid cycle. The very small amount of C™O, from incubations of blood with 
glucose-6-C'', compared to glucose-1-C'', indicates the absence of this pathway 
in erythrocytes in humans. Further evidence is the lack of C'™'O. from sodium 
pyruvate-1-C'™, Indeed, it is possible that the little C''O. that resulted from 
glucose-6-C'™ and labeled pyruvate occurred through randomization at the 
triose level, reeondensation to hexose, and then metabolism through the aerobic 
pathway. 

The ealeulation of the glucose metabolized through the phosphogluconic 
pathway in mature erythrocytes from C™O, derived from glucose-U-C' is dis 
tinetly different when compared to the estimation of this pathway of glucose 
metabolism in other tissues. Previous attempts to evaluate the participation 


of the phosphogluconic pathway in other tissues are complicated by other 


sources of CO, production, recycling of intermediates, and loss of interme 


diates in other reactions. Wood and Katz'> have emphasized the importance 


of reeycling and resulting changes in the ratio of CO. from glueose-1-C'™ and 
glucose-6-C'*. The use of glucose-U-C'™ in erythrocytes obviates these diffieul 
ties. The data presented indicate that recycling does oceur and varies, de 
pending on the amount of glucose metabolized by the Embden-Meyerhof path 
way. 

The metabolism of glucose by erythrocytes results in the production o! 
potential energy in 2 different forms. TPNH from the aerobie phosphoglu 
conie pathway and high energy phosphate bonds in ATP from the metabolisn 
of trioses in the Embden-Meyerhof pathway. The 2 forms of potential energs 
resulting from glucose metabolism are probably not interchangable in thi 
erythrocyte. Other tissues can convert the potential energy of DPNH to hig! 
energy phosphate bonds through an electron transport chain resulting i: 
oxidative phosphorylation. Sueh a system has not been demonstrated in erythro 
eytes in humans. DPNH would also be a source of potential energy i 
erythrocytes if there were net production of DPNH. However, the DPNH pr 
duced in the triose phosphate dehydrogenase reaction is in turn utilized 
convert pyruvie acid to lactie acid (Fig. 1). If pyruvate accumulated or w 
utilized by another means there would be net production of DPNH. This h 
not been observed in fresh blood. 

The first 2 reactions of the phosphogluconie pathway are dehydroge 
tion reactions (Fig. 1). For each mole of glucose metabolized through 1 
aerobic pathway 2 moles of TPN are reduced to TPNH. For each mole 
glucose metabolized through the Embden-Meyerhof pathway, 2 moles of A’ 
are utilized. The further metabolism of each triose in the Embden-Meyer! 
pathway results in the formation of 2 ATP’s from 2 ADP’s. Thus there is 


net production of 2 high-energy phosphate bonds for each glucose molec 





; 
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that is metabolized by the Embden-Meyerhot pathway. In addition the inter- 
mediates of the aerobie pathway are further metabolized by the Embden- 
Meyverhof pathway resulting in the production of ATP. Thus glucose metab- 
olized through the aerobic pathway results in the production of TPN and ATP 
from the further metabolism of the intermediates of the aerobic pathway. 


Although the relative amount of glucose metabolized through the phos- 
phogluconic pathway is small, an average of Il per cent of the total glucose 
utilized, the contribution of the aerobie pathway to available energy is signifi- 
eant. The absolute amount of glucose metabolized through the Embden- 
Meverhot pathway is different at various levels of this pathway as a result 
of the further metabolism of the products trom the phosphogluconic¢ pathway. 
lor the purpose of estimating energy production the amount of glucose that 
is only metabolized by the Embden-Meverkof pathway is the net difference of 
total glucose utilization minus the amount of glucose metabolized by the phos- 
phogluconie pathway. The estimation of the potential energy made avail- 
able to the ervthroeyvte from the 2 pathways is shown in Table VI. An aver- 
age of S9 per cent of the total glucose utilized is inetabolized only through the 
Mmbden-Meyerhof pathway. Sinee the net ATP is 2 per unit of hexose metab- 
olized by the Embden-Meverhot pathway, the relative value of ATP is 178 
S9 x 2). An additional 18 units of ATP is produced from the ribulose of 
the aerobic pathway (1.66 per each oO carbon unit or 1.66 x 11 IS). Twenty- 
two units of TPNIL are formed when Il per cent of the glucose utilization is 
through the aerobie pathway. Units of TPNIL are multiplied by a factor of 
> to convert the TPNIL to equivalent units of ATP. In other tissues that ean 
mvert the energy of TPNIL to ATP, 1 TPNIL results in at least 3 ATP’s. 
Thus the aerobie pathway results in 66 units of potential energy as TPNH 

id 196 units of energy as ATP. The aerobie pathway contributes in the 
rm oof TPNEE 25 per cent of the available energy when Il per cent of the 
neose utilized is through this pathway. 

There are several possible explanations for the insignificance previously 
tached to the aerobic pathway of glucose metabolism in erythrocytes. Equi- 
ration of blood samples with air alone results in an increase in the pH to 
mut S.O or 8.1.) Studies of glucose metabolism at this pH would result in 
siderably more utilization of glucose through the Embden-Meyerhof path- 
and little change in aerobie metabolism. In some previously reported stud- 
of erythroeyte glucose metabolism, the cells were washed and suspended in 
fer salt solutions. The metabolic behavior of the erythrocyte may be dif- 
nt under these conditions. 


The marked reduetion in total glueose utilization associated with a de- 
se in the pH appears to be in the glycolytic mechanism or Embden-Meyer- 
pathway. Associated with the decrease in total glucose utilization is a 
ease in the production of lactie acid. The increase in the inorganie phos- 
te and the decrease in the organic phosphate esters, particularly the non- 
rolyzable phosphate esters, when blood is incubated at pH 7.1, suggest 


the intermediates beyond the place in the Embden-Meyerhof pathway of 
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pH inhibition are further metabolized to laetie acid. The increased produc 
tion of lactic acid, when erythrocytes are incubated with inosine and ghicose 
at a pil of 7.1, indieates that the ribose phosphate from the inosine is metab 
olized to lactie acid. In addition, at pH 7.1, inosine maintains the organic phos 
phate esters at normal levels. The normal rate of lactie acid formation and 
maintenance of phosphate pools at the lower pli When inosine is added sue 
vests that the effect of pll on the EKmbden-Meverhot pathway is localized to 
some point before the reaction where the produets of the phosphogluconic 
pathway enter the Embden-Meyverhof pathway, that is, between glucose-6 


phosphate and the triose phosphate levels (rig. 1) 


TABLE VI. PovrentTialL ENERGY FROM GLUCOSE METABOLISM IN THE ERYTHROCYTE 


RELATIVE AMOUNT 


CALCULATION 'PNH ATP 
\verage per cent of over-all glucose metabolism 1] SY 
Units of TPNH produced (P.G.P. «2 oe 
Units of ATP from glucose not metabolized by 178 
P.G. P. (net E. M. x 2 
Units of ATP from pentose of P.G. P. further me IS 
tabolized by BE. M. (11 « 2.66 
Total units TPNH and ATP 22 196 
Equivalent units of potential energy (1 TPNH 3 66 196 
high energy PO, 
Per cent of potential energy 66 196 
: ~ 100 1 
262 262 
25% Tah 


The enzymatic reaction involving the conversion of fructose-6-PO, to 
fructose-1,6-PO, by the enzyme phosphofruetokinase and utilizing ATP is 
likely site of the pH effect in the Embden-Meyerhof pathway. This enzyny 
is known to be sensitive to pI changes.'® 

The maintenance of phosphate esters in erythrocytes by inosine has hex 
previously demonstrated in stored ACD blood.’ The low pil of ACD blow 
7.1 to 6.8, is most likely the explanation for the effeets of inosine on ACT) 
blood. Whether or not the progressive fall in pH of ACD blood is the s 
called “storage lesion” remains to be demonstrated. Blanchaer?! has propos: 
that the defect which develops in stored ACD blood is due to a decrease in 1 
activity of the enzyme phosphofructokinase. The same enzyme appears to 
the most likely site for the effeet of a low pH in these studies. 

The inerease in glucose utilization and lactie acid production at pil «> 
compared to pH 7.5 and the fact that inosine does not increase lactie a: 
production at pH 7.8 suggests that there is an increase in the energy requi 
ment for erythrocytes at pH 7.8 compared to 7.5. A decrease in pH from 
to 7.1 does not decrease the energy requirement but inhibits the production 
energy by inhibiting the Embden-Meyerhot pathway. Thus the changes 
glucose metabolism at the different pH’s are probably not due to pH affect: 
only 1 particular reaetion but rather 2 different phenomena related to pH 
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The Pasteur effect in erythrocytes appears to be similar to the effect of 
a lower pH. With increasing oxygen concentrations, there is a decrease in the 
total glucose utilization and the changes in the phosphate esters. The change 
in the Pasteur effect with inosine is similar to the change in the effeet of a 
low pH with inosine, that is the maintenance of the phosphate esters and lactic 
acid production at high oxygen concentrations when inosine is added. The 
similarity of these two phenomena, a physiologically low pH and high oxygen 
concentration, suggests they both are acting in a similar place in the Embden- 
Meverhot pathway. Others have proposed that the Pasteur effect in liver 
initochondria is through the enzyme phosphotructokinase.** 


The mechanism by which erythrocytes utilize the energy of TPNH is not 
clear. The extensive work of Alving’s group indicates that a defect in the 
acrobie pathway is associated with erythrocyte destruction when certain 
drugs are administered. Carson and associates*’ demonstrated the deficieney 
of glucose-6-phosphate dehydrogenase in erythrocytes of Negro men suseep- 
tible to primaquine hemolysis. This enzyme catalyzes the initial reaction of 


the phosphogluconie pathway (Fig. 1). It remains to be shown that this 


enzyme deficiency is the only defect in drug-sensitive erythroeytes. Mills** 
has studied an enzyme system in erythrocytes in rats that results in the re- 
duetion of peroxides by glutathione. Such an enzyme system in erythrocytes 
in humans could be related to the defect of drug-sensitive erythrocytes as 


YPNEL maintains glutathione in the reduced state. The glucose-6-phosphate 


lehvdrogenase deficieney could limit the production of TPNIIT in the drug- 
nsitive erythrocytes. The defect in drug-sensitive ervthroeyvtes suggests that 
least part of the TPNH produced by glucose metabolism through the phos- 
hoglhueonic pathway is utilized to maintain oxidation-reduction potentials in 
ythrocytes. The marked inerease in TPNH production when blood is equili- 
ated with 100 per cent oxygen also suggests this mechanism of TPNH _ uti- 
ation. In addition there may be other mechanisms for the utilization of the 
tential enerev of TPNIL. 


SUMMARY AND CONCLUSIONS 
l. 


cide. 


Mature human erythroevtes metabolize glucose to lactic acid and earbon 
2. At pli 7.5 in an air-CO, atmosphere, approximately 11 per cent of the 
cose metabolized is through the phosphogluconic pathway, resulting in 25 
cent of the total potential energy from glucose metabolism as reduced tri- 
sphopyridine nucleotide (TPNIL) and 75 per cent as adenosinetriphosphate 
'p 

» The pH of blood has a marked effect on the glucose metabolism of eryth- 
ies. There is a 50 per cent reduction in total glucose utilization at pH 7.1, 
pared to pil 7.5, and a 50 per cent increase at pH 7.8, compared to pH. 7.5. 
t. 


ODS, 


The rate of glucose utilization by erythroeytes is less at high oxygen 
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o. The effect of pH and oxygen tension on erythrocyte glucose metabolism 
appears to be localized to the Embden-Meyerhof pathway between the hexose 
phosphate and the triose phosphate level. 


I wish to acknowledge gratefully the technical assistance of Mrs. Joan Graham, and 
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STUDIES ON LEUKOCYTE ALKALINE PILOSPILATASE: ROLE 
OF ZING AND MAGNESIUM 
Wittiam N. VaLeENtTINE, M.D., Kovuicit R. Tanaka, M.D., AND 
Robert E. Frepricks, M.D. 
Los ANGELES, CALIF. 


He neutrophilic granuloevtes possess alkaline phosphatase activity which 
varies to a remarkable degree in disease. In general, this activity is low 
in the granulocytes of subjects with chronic eranuloevtie leukemia, while in 
polvevthemia rubra vera with leukemoid features and granuloeytie immaturity, 
substantial increases in activity beyond the normal range are the rule. In 
many, but not all, eases of myeloid metaplasia the high activity pattern is noted.' 
A wide variety of clinically ‘‘stressful’’ conditions results in marked elevations 
in alkaline phosphatase levels per cell, and substantial increases may likewise 
be attained through the administration of adrenocorticotropic hormone (ACTH 
and 17-hydroxveorticosteroids under appropriate regimens.” For reasons which 
ire not clear, many collagen diseases sueh as active rheumatoid arthritis fail to 
exhibit the high activity pattern, though the usual response of leukoevte alkaline 
hhosphatase to ACTH and 17 hvdroxveorticosteroids is elicited in these patients. 
Because of the above findings, this laboratory has been concerned with fur- 
her exploration of the phenomena exhibited by this leukoeyte enzymatic ac- 
ivity. While it is by no means certain that the ubiquitously distributed alkaline 
hosphatases are identical, magnesium, in most instances, has been regarded as 
e primary metal aetivator Certain other divalent cations are also known to 
ctivate! (although at individually different optimum coneentrations), and. al- 
la-amino acids may restore or potentiate activity as well as inhibit under cer- 
in circumstances." Cloetens.”> on the other hand, has suggested that both 
ignesium and zine participate in the metal complexes of alkaline phosphatases, 
ough certain interpretations of the data have been challenged by Roche. 
vder, Friedenwald, and Carlson® state that 2 alkaline phosphatases are dis- 
euishable in rat kidney: one (Enzyme A) inhibited by iodoacetate and aeti- 
ted by glycine and zine and the other (Enzyme B) activated by magnesium 
| inhibited by elveine and zine in concentrations activating Enzyme A. Ina 
paration of swine kidney alkaline phosphatase (purified approximately 10,000 
d), Mathies™® found a zine content of 0.26 per cent. This could be reduced 
0.15 per cent by dialysis against alanine, but removal of any part of the 
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remaining zine resulted in direetly proportional losses of enzyme activity. A 
direct proportionality between specific activity and zine content was also demon 
strated at different stages of purifieation of the enzyme.  Mathies concluded 
that amino acid activation of alkaline phosphatase results from complex forma 
tion with inactivating and ‘or inhibiting ions. Hofstee."’ in a study on the effeets 
of divalent cations, glycine, Versene, and hydrogen ions on alkaline phosphatase. 
has proposed the hypothesis that the active species of the enzyme is a zine com 
plex which associates slowly and spontaneously at pT values greater than 6.0 
and that this association is accelerated hy mae@nesium, Dissociation of the com 
plex iS postulated at a pll helow 6.0. Trubowitz and his co-workers'? have 
investigated metal requirements of alkaline phosphatases of human and rabbit 
leukoeyvtes. Ethylenediaminetetraacetate (EDTA) was found to inhibit mark 
edly the alkaline phosphatase of human, but not rabbit, leuakoevtes. This inhibi 
tion could be reversed by zine, but not by maenesium. These authors have 
proposed that at least 2 alkaline phosphatases, one magnesium and the other 
zine activated, are present in leukocytes. They suggest that the postulated 
zine-activated phosphatase may be largely involved in the striking elevations 
of activity observed in certain leukemoid states and infeetions in man. The 
following report presents data on the relationship of magnesium and zine to 


alkaline phosphatase in human leukoevtes. 


MATERIALS AND METILODS 


\lkaline phosphatase was assaved on separated, washed human leukocytes by the tecl 
niques previously described. The substrate was sodium B-glycerophosphate, the pil 9.9, aa 
the incubation period 1 hour at 37° C. In the storage experiments, cells were kept at 4° ¢ 
in a simple saline suspension. In some experiments, a crystal of thymol was added = priv 
to storage. The presence or absence of thymol did not alter results. Additions of zine an 
magnesium as the chloride salts were made in saline in order to bring the final suspending 
cell medium to the concentration desired. It should be noted that the coneentrations 


zine and magnesium refer to the suspending medium of washed leukocytes prior to additi 
of cells to the assay mixture. Since only 0.3 ml. of cells was added to a total substrat 
incubating medium of 10.5 ml., the final concentration during ineubation was about 3) px 
cent of that in the cell suspension. All phosphatase values are expressed as milligrams 
phosphorus liberated per hour at 37° C. from sodium B-glycerophosphate by 101 leukos vt 
In normal subjects these values range from about 10 to 50 milligrams, with a mean of 
milligrams. The extreme lability of the enzyme in the presence of disease renders elos 
approximation difficult, since the data depend upon strict eriteria for normaley, and in hum: 
subjects, these cannot always be determined accurately. While numerous experiments wi 


done, representative data have, in some instanees, been selected for purposes of illustratir 
RESULTS 

g Effect on Leukoc ye Alkaline Phosphatase Achirity ol Ineubation al Wy 
in Saline at 387° C.—When washed human leakoevte suspensions are allowed 
stay at 87° ©. in saline prior to assay, there is a progressive fall in assay valu 
with the passage of time; this is most marked when high activity populatic 
are measured, There is a much less marked fall when initial aetivity is in 
normal or high normal range and a minimal, if any, fall when initial activi 


is in the low normal or subnormal range. Ina group of 8 subjects where init 
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activity Was assayed above 75 me., this fall averaged 21, 31. and 42 per cent 
after 1, 2, and 3 hours, respectively. Fig. 1 indicates this progressive diminu 
lon in assay values in 4+ representative subjects with variably high initial actin 
les. A wellemarked and progressive loss in activity is observed in each ease. 

1] The Effect on Alkaline Phosphatase ol Zine Added Before and After 
Varying Intervals of Saline Incubation at 37> C.—When cells are incubated in 


saline contalnine i0-* M Zine, the Proeressive loss of activity noted on simple 


saline incubation is greatly mitigated. Essentially no loss is observed after 1 
P 
Fig. 1 The effect on alkaline phosphatase activity of leukocyte incubation in saline at 
C Data from 4 representative cell populations with higt tkkaline phosphatase activity 
charted Tine @ represents assay prior to saline incubation and results. are shown for 
ys conducted after varying intervals of incubation at 37 Cell suspensions were 
\ lirect] nd not re ished to avoid possible losses in supernatant fluid 
+ 26 8 
M P BERA > Pp HOUR PER w.8B 
265 
‘ ‘ + ‘ 
9 76 ~ 
4 245 
24 
TIME IN HOURS AT 37° C 
Fig. 2.—The effect on alkaline phosphatase of zine added before and after varying inter- 
t tline incubation at 37° CC. Representative data from a single cell population possess- 
gh activity are presented for illustration The values at Times 4 are separate control 
for the same cells with and without zine addition prior to incubation. Subsequent 


indicate assayable activity after varying periods of incubation in saline and in saline 
ining zine in 10-* M Concentration. The enhanced assayable activity resulting from the 
Mion of zine in this molarity after varying periods of incubation in saline alone is also 


r; the loss is minimal at 2 hours: and after 24 hours the remaining activity 
iarkedly greater in the zinc-ineubated cells. Further. if. at any of these 
e intervals zine is added in 10°" M final concentration to the saline ineuba- 


sand allowed to remain in contact with the cells for 15 minutes before assay, 
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activity is markedly enhanced and in the first 2 hours restored nearly to bas 





line values. This point is clearly indicated in Fig. 2 where values for a subject 






with high activity cells are presented. It ean be noted that the figures for the 






zine-ineubated cells are more than twice those for saline-incubated leukoevtes 





this subject, addition of zine to cells for 15 minutes 





after 24 hours, and that in 





after 24 hours’ incubation in saline also doubled the assay value. In the latter 





situation, a value nearly comparable to that present in the zine-ineubated eel] 






population is attained. Expesure to zine for periods up to tT hour had ne 






greater effect than 15 minute exposures. The cells enploved in the assay noted 






in Fig. 2 were from the same subject on the same day. The differences in initial 






values for saline- and zine-ineubated cells merely result from the experimental 






variation in separate assays. 
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Fig. 3 The effect on alkaline phosphatase of zinc and magnesium during leukocyt 
storage at 4° C. The bar graph indicates assayable alkaline phosphatase activity after storag 
of the same cell population in saline and in various molarities of zine ind magnesium for 
weeks Representative data from a single subject with high leukocyte alkaline phosphat 






ictivity are presented for illustration 
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Fig. 4 The effect on leukocyte alkaline phosphatase activity of zinc and magnes 
added after storage in saline for 3 weeks at 4° C Representative data from a single } 
activity cell population are shown for illustration. Following storage in saline, cells w 
exposed for 15 minutes tc zinc and magnesium in various molarities prior to assay Va 
are compared with the control assay before and after 3 weeks’ storage in saline wit! 
subsequent exposure to zine or magnesium 
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Il. Effect on Alkaline Phosphatase of Zine and Magnesium During Leuko- 
cyte Storage at i C.—The bar graph in Fig. 3 illustrates representative data 
on the effeets of magnesium and zine on the assavable phosphatase activity of 
leukocytes when these cations have been present during storage at 4° C. It 
will be noted that after 3 weeks’ storage in saline alone, assayable activity had 
dropped to 48 me. from an initial level of 132 me. When cells were stored in 
saline containing magnesium in 1O*, 100, 10' and 10° M coneentrations, con- 
siderable loss of activity resulted, and, in many instances, values approximated 
those of the saline-ineubated control, Magnesium in concentrations approximat- 
ing 10° M, however, gave definite partial protection against loss of assavable 
activity, but did not have the effectiveness of zine in this regard. The presence 
if zine in the saline at 10-' or 10° M concentrations prevented loss in activity 
during the 3 weeks of storage. In the charted values, the measurable aetivity 
is even a little higher than in the prestorage control. We believe this was due 
to the simple faet that some diminution in activity had occurred during the 
initial Washing and processing of the cells prior to starting the experiment. 
If the cells in the prestorage assay had been briefly exposed to 10°¢ M zine, 
the true base line would probably have been a little higher and essentially 
identieal with that of the zine-stored cells. It will be noted that 10° and 10°¢ 
MU zine are not optimal and fail adequately to deter loss of activity. This has 
heen repeatedly observed. The higher concentrations of zine appear inhibi- 


torv; the lower are presumably suboptimal. 
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Fig. 5 The effect on leukocyte alkaline phosphatase activity of zine added before and 
ntervals after storage in saline Data are presented from a single, representative cell 


ilation stored in saline at 4° C. for 7 weeks as compared with the same cells stored in 
presence of 10-* M zine. Comparison is also made of assay values obtained on aliquots 
tline-stored cells tested at weekly intervals and the values obtained at the same time 
t} same cells exposed to 10-* M zine for 15 minutes prior to assay. 


IV. Effect on Leukocyte Alkaline Phosphatase Activity of Zine and Mag 
bia Added After Ntorage in Naline for 3 Weeks at i C. Kio. 4 illust rates 


resentative data. After storage for 3 weeks. magnesium and zine were 
led 15 minutes prior to assay. It can be noted that the addition of mag- 


ium has essentially no significant effect, although partial effeets were noted 
his cation at a concentration of 10-° M was present throughout the storage 
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period, In sharp contrast, the addition of 10' or 10° M zine results in marked 
restoration of activity, though the restorative effect does not result in activities 
quite aus vreat as when zine Was present throughout the storage period Again, 


higher concentrations of zine appear inhibitory and 10° M zine is suboptimal 


V. Effect on Alkaline Phosphatase Activity of Zine Added Before and ai 
Intervals After Storage of Leukocytes in Saline at 7 ©. for Periods up to 
Weeks.— Fig. 5 illustrates a representative experiment. Even after 7 weeks o 
storage in 10-* M zine at 4° C., there is essentially no activity loss observed. hh 
the absence of zine there is progressive activity loss, in this ease approximating 
85 to 90 per cent after 6 to 7 weeks of storage. If zine is added after 1 week 
of storage, restoration to essentially base-line values is achieved. Additions 
atter 2 to 7 weeks result in partial restoration of activity, but the levels that 
were observed when zine was present throughout the storage period are no 
attained. It appears that the presenee of zine throughout the storage period 
both maintains activity and ‘* protects’? against irretrievable losses whieh car 
not be fully restored after a subsequent addition of zine to saline-stored cells 

VI. Additional Miscellaneous Studies.—Beeause of the in vivo effect o 
17-hydroxyveorticosteroids on leukocyte alkaline phosphatase, studies were con 
ducted on the effect of leukocyte incubation in hydrocortisone hemisuecinate 
Separated human leukoevtes were incubated in saline containing 10 ne per m 
of hydrocortisone. In some instances incubation for 1 hour seemed to giv 
slightly higher values than when saline alone was present, but results were i 
consistent, never as high as when zine was emploved, and hydrocortisone dir 
not potentiate the zine effect. It was eoncluded that variations, if any, wer 
minimal and of dubious significance. In limited experiments, exposure of cells 
to 10° M copper did not inhibit alkaline phosphatase activity, and indeed, this 
cation gave some slight ‘‘ protection’? during storage experiments. Preineuba 
tion with alanine in 10° M concentration failed to affect alkaline phosphatas 
values, except in a single instance where initial phosphatase levels were alread 
very high. The potentiation noted in this single instance must be regarde: 
as of questionable significance in view of the uniformly negative findings i 
other experiments. Experiments employing EDTA essentially confirm th 
findings of Trubowitz and eco-workers.?) The marked inaetivation of huma 
leukoeyte alkaline phosphatase by this chelating agent could be largely reverse: 
by zine, but not by magnesium. In this regard, it should be noted that exposur 
to eations tested must occur prior to the placement of the cells in the substrat 
pool if reactivation is to be observed. Zine, for example, fails to reaetivat: 
satisfactorily if present in the same final concentration in the substrate poo 
Presumably this is due to some tv pe of zine-substrate complex which large 
prevents reactivation sueh as is achieved by brief exposures of the cells to zin 
in the absence of substrate. A number of experiments have also been done i) 
an effort to raise the assavable activity of normal or low activity cells in vitre 


Thus far, we have not been sueeessful in achieving this with manipulation 
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Involving cations, amino acids, mixtures of high and low activity cell popula- 


tions, or mixtures to whieh additions of boiled leukoevte extracts have been 
made, 


DISCUSSION 


It may be concluded that human leukocyte preparations with high alkaline- 





phosphatase activity show progressively diminishing activity with time when 
| incubated at 387° C. or stored at 4° ©. in saline. 


The presence of zine in 10% 
| or 10° M concentration largely prevents activity losses in each instance. More- 
over, zine, if added to incubated or stored leukeeytes at intervals, restores or 
partially restores initial aetivity depending on the time the cation is added. 
Magnesium had no sueh restorative effect in the concentrations tested. While 
magnesium in 10° M concentration affords partial but irregular and inadequate 
protection against activity losses incident to storage at 4+ ©. when it is present 
throughout the storage period, additions made at intervals during storage have 
essentially no restorative effect. The above suggests, but does not definitely 
prove, that zine may be of significance in human leukocyte alkaline-phosphatase 
activits The protective and restorative effeets of zine in the ineubation and 
storage experiments raise the possibility that activity losses resulted from grad- 
ual leaching of zine from the enzyme during saline incubation and storage. — It 
is possible that zine additions in optimal concentrations prevented any net loss 


of zine from the enzyme complex. Others have suggested that more than one 


alkaline phosphomonoesterase is present in leukoevtes and that zine is of im- 
portance to one, but not all, of these’? In sueh a ease, the marked elevations 
i h activity associated with certain diseases could be largely due to elevations 
ha zine requiring phosphomonoesterase component. This suggestion has been 
previously made and our data neither substantiate nor refute it. As vet, we 
lave had no suecess in inereasing native assavable phosphatase activity by 
uanipulations employing zine. It is of considerable interest that zine is a known 
mponent of human leukeevtes and that per cell zine is said to decrease with 
ising counts and relapse in leukemia and inerease to normal with good remis- 


lons.'! 





The form in which leukoeyte zine exists is not known. It is possible 
hat an association with leukocyte alkaline phosphatase accounts for one fraction 
leukoevte Zine. 


SUMMARY 


1. Progressive loss in alkaline phosphatase activity of human leukocytes 

cours on incubation in saline at 37° C. and, more gradually, on storage in saline 
1° C. 

2. Zine in 10¢' M coneentration largely protects against these losses and 
ditions of this eation significantly restore activity in stored or ineubated sys- 
lis Where partial losses have occurred, 

3. Magnesium exerts very partial and irregular protective effeets against 
orage losses and, unlike zine, fails to exert any significant restorative effects 


in added to storage systems where partial losses had already occurred. 
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t. The reactivation of EDTA inactivated human leukoeyte alkaline phos 


phatase by zine, but not magnesium, is confirmed. 


». It is coneluded that available data suggest the possibility of a signifieant 


role for zine in human leukoevte alkaline phosphatase activity. 


We gratefully acknowledge the technical assistance of Miss Marylu Mattson, Mrs. Julie 
Wittenberg, Mrs, Estelle Wong, Mr. Gary Hinman, and Mr, Peter Shugarman. 
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ATTEMPTS TO DEVELOP AN IN VITROSYSTEM FOR THE 
ASSAY OF ERY TITROPOLETIN 
KE. DonNALL THomas, M.D.,.* Harry L. Locute, Jr., M.D.,* ** anp 
FREDERICK STOHLMAN, JR., M.D.*** 
COOPERSTOWN, N.Y. AND Bretiiespa, Mb. 


CONSIDERABLE body of evidence, both direct and indirect, indieates 
A that the production of red cells by the bone marrow may be controlled by 
the influence of an erythropoietic hormone, designated erythropoietin.” ’ 
Assays of erythropoietin have depended upon the response of animals to in- 
jections of plasma, or its derivatives, containing erythropoietin. The response 
has been evaluated by following reticuloevte counts, or by measurement of the 
utilization of radioactive iron The latter has been used particularly in animals 
made more sensitive to erythropoietin by starvation,’ hypophyseetomy,* or ex- 
posure to sublethal doses of irradiation... A suitable in vitro assay system is 
desirable, both as an aid in isolating erythropoietin and as a means of studying 
its mechanism of action. 

This paper deseribes attempts to develop an in vitro assay system by short- 
term (0 to 18 hours) bone marrow incubation with measurement of the follow- 
ing parameters: (1) oxygen consumption, (2) heme synthesis as indieated by 
the rate of incorporation of C''-glycine into heme, (3) desoxyvribonueleie aeid 
DNA) synthesis as measured by the incorporation of C'-formate or tritium- 
abeled thymidine into the thymine of DNA of bone marrow and (4) uptake of 


}" ee? by ervthroevtie Precursors.’ 


MATERIALS AND METHODS 


The techniques of in vitro measurement of oxygen consumption, heme synthesis, and 


INA synthesis from Cli-formate by bone marrow have already been deseribed.?, § 


irbonl4 was counted in a Robinson-tyvpe flow gas counter, Tritium in thymine was 
inted in a dioxan-water-anisole-dimethoxvethane mixture with 1.2 per cent dipheny] 
azole? in a liquid scintillation counter. t 

Anemie serum was prepared from animals made anemie by bleeding or by the 
lministration of phenylhydrazine, as indicated in the tables. Plasma rich in erythropoi- 

tin was collected from rats exposed in a decompression chamber to a simulated altitude 
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he l 
of 25,000 feet.te The pools of high altitude plasma or normal plasma were collected from 
7) rats. The presence of erythropoietin in the pool of high altitude plasma was demon 
strated by the increased uptake of radioactive iron by the red cell precursors of rats ima 
fasting condition.®. 10 For the pool of high altitude plasma the mean IS-hour Feo uptake 
of 6 recipient rats was $2 per cent as compared with a control value of % per eent, 

The in vitro uptake of Fes by bone marrow cells was determined bys a slight 
modification of the proceedure deseribed by Schroeder and associates.6 Rat plasma and 
marrow were used throughout. Femoral marrow from several 150 gram Sprague-Dawley 
rats was pooled and suspended in Eagle’s medium, Plasma containing erythropoietin was 
obtained from altitude-exposed rats.1') Samples from individual rats, as well as pooled 
plasma, were used. Inceubation mixtures consisted of a marrow suspension sufficient to 
give a final concentration of 10,000 to 15,000 nucleated cells per cubic millimeter, 0.5 mi. 
Kagle’s solution containing a total of 16,000 to 51,700 Cp... of Fee!’ Cl and 0.05 to 


2.55 y Fe, 0.7 ml. plasma (in controls this was omitted), 0.1 ml. of a saline solution 
containing 100 U. penicillin, 40 y of streptomycin, and 0.20 mg. heparin, and sufticient 
Kagle’s medium to give a final volume of 2.2 ml. The mixtures were incubated as indi 
eated in Table IV. At the end of incubation | ml. of the suspension was centrifuged, and 


the cells were washed 3 times with isotonic saline and counted it 


a well-type seintillation 
eounter, 


RESULTS 


Table | illustrates the effect of normal rabbit serum as compared to that 
of phenylhydrazine anemic rabbit serum, as well as a comparison of serum from 
rabbits made anemic by bleeding and serum from those made polveythemic by 
transfusion. Both heme synthesis and oxygen consumption of normal rabbit 
marrow were measured after incubation in these various sera. It is apparent 
that there is a considerable variation among different normal sera as well as 
among the various anemic sera, particularly with regard to heme synthesis. 
There is no significant difference between the normal sera and the phenvy! 
hydrazine anemie sera. The variability of the normal serum samples suggested 
the possibility of fluctuating levels of erythropoietic hormone in the normal 
rabbits. Suppression of production of erythropoietic hormone was attempted by 
making the animals moderately polyeyvthemie by transfusion. The variability 
among sera obtained from animals after transfusion, however, was similar to 
that observed with normal sera (Table 1). When the various normal serum 
samples were reassayed with bone marrow from another rabbit, the same 
relative order of activity was demonstrated. The data in Table | are illustrative 
of the results of a number of similar experiments. In no instance was a statisti- 
‘ally significant difference demonstrated between normal sera or polyvevthemic 
serum and anemie serum. 

Table II illustrates a comparison of the effect of normal rabbit serum and 
of the serum of rabbits made anemic by acetylphenylhydrazine with respect to 
the synthesis of DNA by normal rabbit marrow. Again there is a considerabl 
difference between the various serum samples, with no significant differenc 
between normal serum and anemie serum. In additional experiments, not. i! 
lustrated here, no difference could be detected between normal serum and serun 
from rabbits made anemie by bleeding. 

Despite the numerous negative attempts to demonstrate erythropoietil 
activity in anemic rabbit serum, it was considered possible that none of thes 
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Number 2 
TABLE ] 
HEMOGLOBIN RETICULOCY TES HEMIN SYNTHESIS OXYGEN CONSUMPTION 
GM. %) (%) CPM ( wL/HR, ) 
Erpt. 117A. N Normal. AN Phenylhudrazine anemic. 
N AN N AN N AN N AN 
14.6 Zed 0.4 $2 140 140 39.9 38.2 
12.4 ove 0.6 nA 174 114 $5.3 54.7 
132 a2 ‘3 D1 225 247 ‘7.3 51.5 
14.1 6.9 0.9 33 302 184 i7 2 51.4 
10.9 1.6 a 19 129 ae 38.6 $4.9 
S.3 A | Le 54 261 197 60.0 $4.2 
12.3 7.0 2.4 IS 19] YI 45.8 56.2 
10.0 a io 27 251 230 50.4 50.4 
12.4 1.6 140 $1.6 
Mean 12.2 $.6 LS o4 202 189 46.2 18.9 
S. D. +54 +60) +65 +6.0 
Expt. 1176. AN fnemic (by bleeding). TN Polycythemic (by transfusion). 
AN rX AN rx AN TX AN TX 
3.3 15.4 $33 23 87.6 65.8 38.6 37.5 
2.8 16.8 25 1.6 182.0 174.8 42.2 $3.7 
t.4 lo! i4 20 a2.8 Cra 36.3 25.7 
2.4 15.7 32 1.6 76.6 62.8 $1.0 36.0 
eu 15.2 10) 0.7 12.7 159.1 19.6 10.8 
ss 16.2 32 1.0 68.3 163.9 $1.7 
1.1 16.9 i 2.2 96.3 35.4 7.7 27.7 
Mean iz 15.9 16 1.6 $6.6 101.3 9.4 36.2 
S. D. *46.5 +6 1.4 +22 +6.9 
Normal rabbit marrow was incubated in various sera as indicated. In Part A, 144 10 
nucleated cells per aliquot, in Part RB, 109 10° Oxygen consumption was measured over a 


hour period, heme synthesis over a 10 hour period. 


Animals made anemic by 


pheny! hydrazine 


received 50 mg. daily for 3 days by stomach tube Animals made anemic by bleeding were 
bled 30 ml. daily for 5 days, the red cells were separated and plasma reinjected. These ani- 
mals received 20 mg. saccharated iron oxide intravenously before bleeding. Animals made 
polyeythemic by transfusion received 10 ml. red cells intravenously daily for 4 days. For 
heme synthesis the substrate consisted of 1.06 we (5.5 4M) of glycine-2-C™ per milliliter of 
medium; 4.5 Gm. of hemoglobin was added to each aliquot as carrier, to facilitate the isolation 
f heme Results are expressed as counts per minute at infinite thickness 


anemice serum samples actually contained erythropoietin. 


It seemed advisable 


to attempt an in vitro assay on serum or plasma known to be aetive by the in 


vivo assay procedures. 
prepared and demonstrated to be active by in 
corresponding pool Oo 


m these rat plasmas with the use of marrow from normal rats. 


f normal rat plasma. 


Assavs were eal 


TABLE II 


HEMOGLOBIN 


Accordingly, a pool of high altitude rat plasma was 


vivo testing as compared to a 


‘med out in tripli rate 
In Table TIT, 


THY MINE ISOLATED FROM DNA 


RABBIT (GM. %) (C.P.M./pM ) 

] 4.0) 6,760 

2 7.4 7,495 

3 4.0) 9,045 

} 2.5 5,605 

2 $.2 9,510 

6 13.8 8,395 

- 10.8 5,025 

8 14.0 7.725 

4 11.9 7,480 
Rabbits 1 through 5 were made anemic by the intraperitoneal administration of 25 mg. 
etylphenylhydrazine daily for 3 days. Rabbits 6 through 9 were normal animals Sixty 
mes 10% normal rabbit marrow cells were incubated for 6 hours in sera from each of these 
bbits. The sera contained 0.2 uve and 0.2 uM Cl4-formate per milliliter The specific activity 


the isolated thymine is the average of duplicate determinations 








314 THOMAS, LOCHTE, AND STOHLMAN }. 1 hepa _ 
flasks No. 1 through No. 6 demonstrate no significant difference between the 
normal plasma and the high altitude plasma with respect to formate incorpora- 
tion into DNA. Flasks No. 7 through No. 12 indicate no signifieant difference 
with respect to glyeine incorporation into heme. Flasks No. 1 through No. 1s 
indieate no significant difference with respeet to tritium-labeled thymidine in 
corporation into DNA. The possibility was considered that the concentration 


TABLE ITI 
NORMA! 
PLASMA KAT MARROW 
FLASK Pool SUBSTRATE CELLS x 10 COUNTS AVERAGH 
l HAP (‘14-Formate, 0.77 pe 114.0 20.000 
y HAP and 0.33 uM per ml. 114.0 18.050 19,100 
} HAP of medium 114.0 19,250 
} NP 114.0 phd | 
D NP 114.0 16,700 LO .470 
6 NP 114.0 ~ 1.000 
19 HAP f 14.8 1,690 
20 HAP 14.8 1.615 1.664 
21 HAP 14.8 1.688 
22 NV 14.8 1,640 
23 NP 14.8 1.490 1,670 
24 NP 14.8 1,880 
7 ILAP Glyeine-2-Cl4, 1.06 we 114.0 145 
S HAP and 5.5 uM per ml. 114.0 116 125 
if) HAP of medium 114.0 113 
10 NP 114.0 23 
1] NP 114.0 127 123 
12 NP 114.0 121 
13 HAP I13-thymidine, 2 ye 114.0 »,100 
14 HAP and 0.1 uM per ml. 114.0 1.690 5.030 
15 HAP of medium 114.0 5.260 
2 i 
1 ‘ 
16 NP 114.0 5400 
7 NP 114.0 1.720 £610 
IS NP 114.0 3,710 


Normal rat marrow incubated for 4 hours in high altitude plasma (HAP) or normal 
plasma (NP) in an atmosphere of 5 per cent COs in oxygen Flasks were made up with 
2 mil. plasma and 1 mil. rat marrow in Hanks’ solution In the case of flasks containing C! 
formate or H®-thymidine, thymine was isolated from DNA and results were expressed as 
counts per minute per micromol. In the case of flasks containing glycine-2-Cl4, heme was 
isolated after the addition of 4.5 Gm. carrier hemoglobin, and results were expressed as counts 
per minute at infinite thickness 
of erythropoietin might be too low to influence a large number of bone marrow 
cells (114 x 10°). However, flasks No. 19 through No. 24 indicate no signifieant 
difference in formate incorporation into DNA when only 14.8 x 10° bon 
marrow cells are used. 

Table IV shows results of studies in which simple uptake of Fe®* by marrow 
cultures was determined. In Experiment A, the marrows incubated with high 
altitude plasma apparently were associated with a higher iron incorporation 
than were those incubated with normal plasma. In subsequent experiments, 
this correlation was not borne out. There was a substantial variation in iron 
uptake by the same marrow suspended in various plasma samples, whether from 
normal animals or those exposed to high altitude. Worthy of note is that in 
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experiments A, B, and © (Table IV), those cultures incubated without serum 
appeared to have the highest incorporation. With the addition of large amounts 
of nonradioactive iron in experiments D and Ey the uptake approximated the 
value seen in cultures incubated without serum. 

In another experiment in which the design was identical with that pre- 
sented in Table IV, Experiment C, similar results were observed. In this experi 


ment, after the determination of tron “incorporation” by the bone marrow, one 


TABLE IV 


APDED Feo PER ML. OF Y 
XPERIMENT INCUBATION MEDIUM PLASMA P.M./ ML. UPTAKI 
\ 11,400 e.p.m, HAP. 119 3.7 
0.023 4 HAP-2 539 1.7 
HAP-3 320 2.8 
HAP-4 347 3.0 
NP-1 235 Ze 
NP-2 210 1.8 
NP-3 Sae 2.0 
NP-4 210 1.8 
None 1,125 9.9 
B 9,100 «p.m. HAP-1 a7 6.2 
0.023 4 HAP-2 324 3.0 
NP-1 o76 6.2 
NP-2 502 3.4 
NP-3 167 D1 
None » 684 pas | 
( 23,000 ¢.p.m HAP-1 1.631 6.0 
0.055 4 HAP-2 S101 13.6 
HAP-3 2140 9.1 
NP-1 3808 16.2 
NP? 2 y22 9.0 
NP-3 3,475 14.7 
None 3,142 ~1.9 
1) 7,260 ©.p.m, HAP pool USS 13.0 
1.164 NP (pool 1,148 15.8 
None 1.002 13.8 
k 7,260 @.p.m. HAP pool S61 11.8 
1.16 . NP (pool 746 10.2 
None 1.278 17.6 
The values given are the average of duplicate determinations HAP high altitude 
ma, NP normal plasma. Conditions of incubation for each experiment were as follows: 
nd B { hours at 37° C.: C { hours at room temperature with oscillation at a rate of 
per minute; D and FE 18 hours at 37°C 


‘ach of the duplicate samples was washed once with isotonic saline and the 
er with a 0.5 per cent solution of the disodium salt of ethylenediaminetetra 

lw acid (EDTA) in isotonic saline. Then the activity of the wash water 

determined. From 2.8 to 11 per cent (mean of 7 observations—6.7 per 

of the iron “incorporated” by the marrow was recovered in the saline 

1. When EDTA was used, however, 35 to 64 per cent (mean of 7 de- 
inations—50 per cent) of the originally incorporated iron was removed, 


DISCUSSION 


lt is apparent that by the several in vitro techniques listed above, we have 
1 to demonstrate the presence of an erythropoietic hormone. This failure 
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nay be due to a serum concentration of hormone too low to permit detection. 
This seems unlikely since the amount of serum added to a fraction of the total 
marrow was equivalent to 50 per cent of the quantity which produeed a 
substantial inerease in erythropoiesis when given in vivo. IH may also be that 
the hormone present in serum is an inactive precursor of erythropoietin. 

Inability to demonstrate erythropoietin in vitro may be due to the partieu 
lar parameters measured. Measurement of oxygen consumption, an end result 
of a number of metabolic processes in the cell, may not be sufficiently speeifie to 
he of any value in this problem. Teme synthesis and iron incorporation have 
the advantage of being predominantly funetions of the erythroid marrow, but 
these processes occur during maturation. Sinee anoxie stimulation of the 
marrow results in hyperplasia, the erythropoietic hormone may have little in 
fluence on maturation, but may be coneerned primarily with proliferation of 
cells. If this were true, one would expect the effect to be demonstrable by 
studies of the rate of DNA synthesis as this process is considered to be synony 
mous with cell proliferation.  Tflowever, we have failed to demonstrate any 
effect of anemie serum or high altitude plasma on DNA synthesis by marrow 
cells. This failure may be explained by the assumption that erythropoietin 
exerts its action only on the most primitive erythroid preeursors.’?'' A day or 
two is required before these cells can undergo enough cell divisions to result in 
measurable hyperplasia of the ervthroid marrow. Because these primitive cells 
constitute only a small fraction of dividing cells in the marrow, their increased 
rate of DNA synthesis cannot be detected in the first few hours after eXPOSuUrt 
to the ervthropotetic hormone Longer term exposures of marrow cells to 
erythropoietin In vitro may be expected to vield negative results beeause mar 
row cells rapidly lose their ability to synthesize DNA when incubated in vitro. 
This problem can only be solved by the development of a technique for marrow 
culture that would preserve rates of DNA synthesis at approximately norma 
levels for a period of several days. 

Sehroeder and co-workers” and Korst and associates!’ reported a correla 
tion between the uptake of radioivon Hy marrow cultures and the ervthropoieti 
activity or plasma in Which these cultures were incubated. We have not beet 
able to confirm these results, nor have Alpen and co-workers.'* Our teehniqu 
differed from theirs in that we used high altitude plasma as the souree « 
erythropoietin and controlled Fe’ as well as “cold” iron input. The rats whie 
served as donors for erythropoietin had been exposed to high altitude for 
period of 16 hours. After such an exposure the iron content of serum, as w 
as the siderophilin content, remains unchanged.'* Tn eontrast beth of thi 
values are undoubtedly changed in the bled animals whieh served as t 
souree of erythropoietin for Schroeder and Korst. The observations of Jand 
and Sehade"™ on the uptake of iron by retieuloeyvtes clearly demonstrate t 
complexity of interpreting results ino which total iron and siderophilin 
altered. In the studies of Sehroeder and co-workers,” it is likely that difference s 
in iron content of the test serum, by alteration of the specifie activity and ‘or | 


percentage of iron bound by siderophilin, led to differenees in uptake. Anot 














IN VITRO ATTEMPTS TO ASSAY ERY THROPOLETIN 


consideration of ln portanee Is that at the physiologic pil at which these cultures 


are incubated Inoreanle iron fornis hvavoxs compounds which le colloidal in 
nature and are either adsorbed to the surface of the cell or, as particulate 
Inatter, spun down with the cell when they are washed Hlenee one mas he 
Ineasuring a physicochemical adsorption whieh has nothing to do with heme 
synthesis or cell proliferation The high incorporation observed with marrow 
in the absenee of plasma, or when iron was added in excess of the anticipated 
binding capacity of siderophilin, as well as the removal of 50 per cent of the 
Incorporated iron Iyy a osinele wash with MD TAL seem best explained Hy this 
mechanism 


Matoth and co-workers?’ and Roose and (rurnes have reported a technique 
for the assay ot ervthropotetin, In Which the numbers of ervthroevtie Precursors 
in tissue cultures which contami normal serum are compared with the numbers 
in cultures with serum presumed to contain erythropoietin.  Matoth and co 
workers?” used only one sample of 


normal serum as a control Such a control 


s not adequate beeause of the demonstrated variability. in normal sera with 


regard to promotion of DNA and heme svnthesis. Matoth 


found that the 
effeet of erythropoietin Was mnanitested 1)\ 


an inerease in early and intermediate 
normoblasts, whereas Rosse and Gurney noted an increase in metarubricytes in 


Pot 4 experiments. It seems unlikely that erythropoietin should have a variable 


site or mechanism of action. The conelusions of both these eroups of investi- 


rators were based on an inerease in the pereentage of ervthroevtie precursors 


vithout an inerease in the total nucleated population. The associated decrease 


nonervtihvroid clements was seen with anemie serum but 
CMU, 


hot with normal 
This diserepaney appears most readily explained by the inaceuraey of 
fferential counting. 


It is apparent that one of the difficulties in the comparison of anemie serum 
d normal serum is the faet that various samples of normal serum have such a 
de range of ability to promote the synthesis of both heme and DNA. This 
not an artefact of the method, since repeat assays of these sera show essentially 
same degree of poteney in accelerating heme or DNA synthesis. Sera 


from 
single donor will show fluctuations from time to time 


, almost as ereat as sera 
mi different donors. The nature of the substance(s), either inhibitor or ae- 
erator, that is responsible for the variation in different samples of normal 
im deserves further investigation. 


SUMMARY 


l. 


An attempt Was made to demonstrate erythropoietin in the serum of 
bits made anemie by bleeding and by phenylhydrazine administration, and 
he plasma of rats exposed to high altitude. 

2. No erythropoietin activity could be demonstrated in vitro by measuring 
ven consumption, heme synthesis, DNA synthesis, or Fe’ uptake. 


4. Reasons for the failure to demonstrate erythropoietin in vitro are dis- 


ed, 
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LABORATORY METHODS 


USE OF AU TOCLAVABLE PLASTIC MATERIAL FOR DO-TT-YOURSELF 
SOLUTIONS TO LABORATORY PROBLEMS OF SAFETY 


CarRL LAMANNA, Pu.)). 
OAKLAND, CALIF. 


“finpetless common laboratory procedures and devices, when employed with 


material harboring virulent pathogenie organisms, present potential hazards 

to the health of laboratory personnel. Klaborate and costly equipment has been 
invented to control these dangers. The existence of sueh equipment has not 
liminated in toto the necessity for available, simple, inexpensive, do-it-vourselt 
ineans for the control of hazards in the laboratory. The purpose of this article 
is to call attention to the use of plasties for the solution of such safety problems. 
Commercially available Inexpensive plastic sheeting is impervious to many 
Hluids, including aqueous solutions, commonly used in bacteriology and e¢linical 
waithology laboratories. This property should insure safety when plastic sheet- 
ing is emploved as an isolation barrier between the laboratory worker and the 
equipment housing virulent microorganisms. To serve as a practical barrier, 
commercially available plastic sheeting must have properties other than im 
erviousness to solutions and microorganisms. It must be: (1) easily shaped in 
der to be able to enelose a diversity of types of equipment; (2) pliable so that 
e laboratory worker can manipulate equipment with the plastic sheeting be- 
veen his hands and the equipment; (3) resistant to tearing; (4) transparent 
r ready observation of enclosed equipment; and (5) autoclavable so that the 
oduetion of sterile enclosures is possible. Fortunately a number of polyvinyl! 
sties are available whieh meet these eriteria for use. They are obtainable 
der various trade names. Our experience has been limited to polished 
\rene, > a product of the Transparent Products Company, Los Angeles, 
ifornia. Sheeting 0.008 and 0.006 ineh (0.15 mm. 


thick has proved satis- 
tory. Tests with the plastie showed that neither Serrafta marcescens nor the 
is of vesicular exanthema of swine could penetrate the surface. This result 
ot surprising since it was found that low molecular weight solutes, such as 
dye safranin, did not permeate bags of the plastic, even after the bags had 
i autoclaved twice. A third autoclaving did render the bags permeable to 


dyes. 


METHOD AND EXAMPLE OF USES OF PLASTIC SHELEETING 


Bags for isolating equipment can be constructed of the plastic sheeting simply by run 


ai hot iron over folded, overlapping edges of the plastie sheet. Triple folds were found 


sary in order to insure against incomplete sealing of openings through which fluid or 


Krom the Naval Biological Laboratory, School of Public Health, University of California, 
ey, Calif. 

This work was sponsored by the Office of Naval Research and the Bureau of Medicine 
surgery, United States Navy, under a contract between the Office of Naval Research and 
vegents of the University of California. Opinions expressed are not to be construed as 
ing the view of the Navy Department or of the naval service at large. 
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nerosols enn ESET pe, In the sealing operation a piece of lone puiper oor elotl toweling 
placed between the hot tron and plastic, and between the plastic and ironing bonrd or t: 
his Was necessary to prevent the hot plastic sheet from stu king to the tromime bonrd cn 
iron. 


The practicality of the use ot plastic sheeting for the solution of 


problems was explored by application to the isolation of deviees conim 


infected tissues and microorganisms, since these devices constitute a liazard to healt] 


of their tendency to generate infectious 


nerosols, 





Fig. 1.—Examples of the employment of heat-sealed plastic 
tially hazardous laboratory devices 1, TenBroeck 
Within a plastic bag. Ice can be placed 


ing B, TenBroeck hand tissue grindet 
c 


bags for isolation of p. 
hand tissue grinder completely enc 
in the bag in order to keep tissues cold 


sealed by attachment of a plastic 
Waring Blendor enclosed within a heat 


during g! 
bag to the plun 
-sealed plastic bag To keep the Blendor | 
operation, separate sealed plastic bags of ice cubes are placed within the bag which en 
the Blendor. D, Illustration of a mortar and pestle prepared for autoclaving by enclo 
within a plastic bag. The arrangement of plastic and paper as illustrated is necesssat 
prevent sealing of the plastic bag during autoclaving and sticking of the plastic to the 
clave, and mortar and pestle 


eool au 


Fig. 1, 4 illustrates isolation of a TenBroeck hand tissue grinder, The plastic b: 
made sufficiently large so that the plunger may be manipulated without interference 
cubes may be placed Within the bag. To remove the specimen, the top of the bag ea 
cut open, After removal of ground material, the open bag and enclosed grinder 
autoclaved without exposing the hands of the operator to the possibly contaminated s 
of the grinder. In Fig. 1, B, a modifieation ef the plastic enclosure is illustrated. —\ 


the specimen is placed in the grinder, the plunger is placed in position, and the 


Oper 
of the plastic bag is sealed by 


arrangement pros 
for nerosol to be released into the open atmosphere, 


adhesive tape to the plunger. The 
for no opportunity or for the 
of the operator to come mto contact with the possibly contaminated surface of the ist: 


\l 


rte 


lnborutory suet 


only used for grindin 


\ 
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The Waring Blendor has been found useful for preparing tissue homogenates. It ean 
be used to rupture microorganisms in mixtures with abrasives or glass beads. Unfor 


tely, during operation, available blendors present the hazard of aerosolization and dis 
aloof material from the bowl. \ method for containing this hazard is illustrated in 
1, @. During operation, the material expelled from the bowl is trapped in the plastic 


\fter operation, with the use of accepted, safe baecteriologic techniques, material ean 


safely removed from the bowl through a small slit cut in the top of the plastic bag. 


er removal of the sample, the Blendor can be sterilized by exposure within the bag to 


ethylene oxide-Freon or an ethylene oxide-CO “us mixture, or by removal of the baw and 


Vashing of the surfaces of the Blendor with a suitable liquid disinfectant. In order to 


» the Blendor cool during operation, separate sealed plastic bags of ice cubes can be 


losed within the plastic bag. These ice bags should be sealed, in order to prevent excess 
isture from accumulating on the Blendor. Note the use of a three-prong electrie male 
ge whieh permits effective grounding of the setup during operation. This preeaution 
sainst eleetrie shock is important, particularly if the Blendor, plastic enclosure and all, 
~ placed in oa water bath to cool, The latter procedure for cooling can be employed in 
of the packets of lee cubes. Tests with Serratia marcescens in the Blendor bow] have 

wn that the enclosure illustrated prevents the escape of the organisms to the outside of 


nding is added to the mortar, and 


Mig. 1, D illustrates a mortar and pestle package prepared for autoclaving. The 
bag is not sealed; folded paper is placed over the top of the pestle and through the 
folded, but unsealed, top of the plastie bag. The mortar is in a separate pape! bay. 
hole arrangement of mortar and pestle, paper and plastic container is placed within 
rger paper bag (right, Fig. 1, 2) to be autoclaved. The arrangements of the paper are to 


ent sticking of plastic to mortar, pestle, and autoclave, and to prevent self-sealing of 


plastic bag during autoclaving. \fter being autoclaved, the paper resting over the 
le and between the open folds of the plastic bag Is removed, infeetious specimen for 
l the open edges of the plastic bag are sealed. To remove 
tious material from the pestle with minimum risk to the operator, a needle and syringe 
be employed. The plastic bag which holds the mortar and pestle is made. sufticiently 


so that the pestle can be vigorously rotated without significant resistance from the 


stic. ‘Tests lave shown this can be done without organisms in the mortar appearing on 


ands of the operator. 

In addition to those illustrated, other possible uses will suggest themselves to persons 
erned with laboratory safety problems. One obvious possibility is to provide for an 
ased measure of safety in delivery of cultures or toxie fluids through the mail. Un 
kable tubes for holding infeetious tissues and cultures can be made from heat-sealable, 
lavable plastic tubing, 4, to 1% inch thick. Glass test tubes or other containers can 
rapped in absorbent cotton, and the whole placed in sealed plastic bags. Accidental 
age would result in isolation of spilled material from the mailing tube or crate. With 
wuss tube wrapped in cotton, the possibility of the plastic bag being punctured by glass 


} 


rs would be redueed, 


SUMMARY 


Attention has been called to the practicability of employing pliable, auto- 
able, and heat-sealable plastic materials as economical, simply made, sate 
osures for isolating the laboratory worker from equipment harboring in 


IOUS Material. 
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DETECTION OF NONHEMOPOLETIC CELLS IN THE CIRCULATION 
ON COLLODION FILMS 
S. De CarvaLHo, M.D.* 
('LEVELAND, OHIO 


Hike requisites for detection of nonhemopotetic cells in cireulation in the 

blood include: (1) concentration of as large amount of blood as possible 
to increase the probabilities of finding those cells, (2) preservation of the mor 
phology, (3) elimination of most of the eryvthroevtes without practical loss ot 
the abnormal cells, and (4) optical medium to provide good microscepieal dis 
crimination, 

The early methods, reviewed by Engel,’ utilized small amounts of blood 
with considerable loss and distortion of the tumor cells. The methods of sedi 
mentation? require the examination of a great number of smears, and also result 


} 


in the loss of clumped tumor cells. The filtration methods® ' recover practically 
all cells present in a blood sample, but offer to microscopic observation a thick 
semiopaque filter filled with cellular debris and more or less distorted cells 
In the present study we tried to improve the optical conditions by utilizing 

film of collodion, instead of a Millipore membrane, to filter washed nucleates 


eells after sedimentation of the erythroeytes in dextran. 


PROCEDURE 

To 20 mm. of citrated or detibrinated blood 10 ml. 6 per cent dextrant in’ saline 
added. The erythroeytes sediment in about 15 minutes at room temperature. The Super 
natant is aspirated without disturbing the sediment and is then filtered through a co 
lodion film. The film is prepared by immersion of a 0.38 by 0.45 inch slide in a 50 p: 
cent collodion solution in ethanol-ether. When the collodion has dried, the slide is place 
in distilled water, and the films on each surface are stripped. The wet film is then plac 
on the fritted glass base of a dismountable Pvrex Millipore filter-holder, and the gla 
funnel is mounted on top of the collodion film. Suetion (22 mm. Hg vaeuum) is appli: 
until all the fluid has passed through the collodion film. 

Bouin’s fixative is added and allowed to filter partially. The filter is dismount: 


and the collodion membrane is picked up, washed in water, and stained in hematox) 


and eosin or in a 1:10,000 solution of acridine orange. After staining, the membrane 


dehydrated (100 per cent aleohol is avoided), cleared in oil of Origanum and xvle 


trimmed, and mounted. 


From the Laboratory of Cytology, Department of Pathology, Doctors Hospital and 
cer Research Laboratory, Rand Development Corporation, Cleveland, Ohio 

Received for publication June 1, 1959 

*With the technical assistance of I. tenerts. 

‘Clinical H.H.R.K. Laros Co., Bethlehem, Pa. Average molecular weight 220,000 
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Fig Fig } 

Fig. 1 Blood from a 23-year-old woman with macrocytic hypochromic anemia, and 
rhydria X-ray showed filling defect in stomach \t laparotomy, extensive abdominal 
nomatosis was seen Blood was taken prior to operation. Nonhemopoietic, large, ana- 
tic cells were detected 

Fig. 2 Blood from a middle-aged man Clinical picture suggests lung tumor. Bron- 
opic washings were negative. Iixploratory thoracotomy revealed bronchogenic carcinoma 
Fig. 3 Blood from 70-year-old woman with recurrent breast carcinoma 

Fig. 4 Blood from middle-aged woman Two blood specimens taken 1 year apart 
led similar cells No tumor was found to date, although progressive loss of weight, 


i, and poor general condition have been noted 
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RESULTS 
Transparent, easily photographed preparations were obtained (Figs. Ld 
Vers little cell distortion was observed sinee the cells are much lareer than the 
pores of the film. Beeause of the small porosity of the collodion film mo cellular 
debris filters throueh. Thus the use of streptoly sin ©. to remove ervthroevtes, 
as in the method of Malmegren,' is precluded. Since only a small amount of 
fluid is allowed to filter (about 15 ml.), the filtration time is reduced to about 
1 hour. Thinner collodion films do not reduee this time and are much mor 
difficult to handle. The entire procedure, including preparation of the collodior 
films, takes approximately 2 hours, and only 1 or 2 slides have to be examined 
The treatment of the collodion film containing the cells is similar to the on 


used to fix, stain, and mount monolayers of cells in tissue culture 
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NOTE 
It has been ealled to the attention of the Editors that the first paragraph at 
article entitled A New Instrument for the Measurement of Electrical Conduetivit 
Body Fluids by A. P. Bloxsom, M.D., vol. 54, p. 136, July, 1959, can be interpreted 
indieating that no previous study of the electrical conductivity of body fluids had bee 
carried out in this country, and that suitable instruments for making these studies we 
not available. No such implication was intended. Among the publications dealing w 


this subject the following can be cited: 


Gram, H. (., and Norgaard, A.: Chloride and Conduetivitv Determinations on Plasma, 
Biol. Chem, 56: 429, 1923. 

Sunderman, F. William.: Rapid Measurement of Total Serum Base and Estimation 
Serum Sodium. An Improved Conductivity Assembly, Am, .J, Clin, Path. 19: 659, 194 

Licht, T. S., Stern, M., and Shwachman, H.: Measurement of the Eleetrieal Conduet 
of Sweat, Its Application to the Study of Cvstie Fibrosis of the Pancreas, Clin, Che 


3: 37, 1957. 


CORRECTION 


In the article by N. Ressler, N. A. Nelson, and IT. M. Smith entitled Use of an Art 
ficial Standard for Hemoglobin Determination, vol. 54, p. 305, August, 1959, the directio 
for preparation of artificial standards state, “dissolve 43.3 Gm. of NiCl, - 6H.O and 1.0 
Gm, of CoCl, - 6H,O in 100 ml. of 10 per cent acetic acid.” The directions failed to 
dicate clearly that the salts should be dissolved in about 80 ml. of 10 per cent acetic a 


and then made up to a final volume of 100 ml. 














SPECTROPILOTOMETRIC: DETERMINATION OF SERUM COPPER 
WITHE ONALYLDIHYDRAZIDE 


KUGENE W. Rice, Pu.D. 
PITTSBURGH, PA, 


Wirit tHe TECHNICAL ASSISTANCE OF BETTY S. GROGAN 


|* 196, Gran! introduced oxalyldihyvdrazide as a sensitive reagent for the spee- 


trophotometric microdetermination of copper in paper. Stark and Dawson 


critically evaluated the reaction and applied it to the determination of copper in 


purified preparations of copper oxidases. The high molar absorbance index of the 


copper-oxalvldihvdrazide complex is 2? OOO in contrast to indices of 16,000, 


14,000, and 8,000 for the copper- cuprizone, bathocuprione, and diethy] dithio- 


carbamate complexes, respectively. The unusual absorption intensity witl 


Xalvidihvdrazide suggests that determination of serum copper with this reagent 


wht be superior to existing methods. The present report deseribes the appli 


ee oxals ldihydrazide toa simple procedure for the determination of total 
per in SCTUI 


MATERIALS AND METHOD 


Glassware,—It is essential that all glassware be washed with soap and water, soaked 
ight in I:1 nitrie acid, rinsed with hot tap water and with deionized distilled water. 
rliisswire should he 


reserved for trace metal determinations only, and must be pro 


from coutamination after it has been cleaned. 


In this study, blood was collected with B-D Vacutainer apparatus, No. L-3200 tubes 
ood lead determination, and new needles. If svringes are used they must be cleaned as 


Water.—Resin deionized distilled water is used instead of the conventional glass double 


md water, 


Reagents. 


Oxalvidihvdrazide. Mix equimolar amounts of diethvloxalate and hydrazine 


hvdrate, each dissolved in 5 volumes of ethanol. In Jess than an hour a nearly 


quantitative vield of a white preeipitate forms. Reeryvstallize the erude produet 
from boiling water. 


Hvdrochlorie aeid, 2.0 N, containing O10 per cent (w/s oxalvldihvdrazide. Pre 
pare from coneentrated reagent, sp. gr. 119 


From the Clinieal Laboratory, Presbyterian and Woman's Hospitals, and the Depart 
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lrichloracetic acid, 20.0 per cent (w/v). Use sulfate free, iron free, highest purits 
chemical. 

ft. Ammonium hydroxide, concentrated, sp. gr. 0.90, 

5. Acetaldehvde aqueous solution, 50 per cent (v/v). Store this reagent in the 
refrigerator. 

6. Tetraacetic acid disodium salt (Ethylenedinitrilo), (EDTA 

7. Citrie acid, crystal. 

S. Standard copper solution, 1.0 mg. Cu/ml. Dissolve 0.5928 Gin. of reagent grade 

cupric sulfate pentahvdrate in water, and dilute to exactly 100 ml. Prepare worl 


ing standards daily by diluting this stock standard solution, Routinely, a standard 


solution containing 200 pe Cu/100 mi. is used. This is prepared by diluting the 


stock solution 1:500 with water. 


Apparatus. \ Beekman Model B spectrophotometer with 1 em. Pvrex absorptior 
cells was used throughout this investigation. The method may be adapted to less that 
ml. of serum by proportionate reduction of the volumes of reagents and by use of vario 


types of commercially available micro absorption cells.+ 


PROCEDURE 


l. Into a 13 by 100 mm. test tube put 1.0 ml. serum or heparinized plasma and 0. 
ml. 2.0 N HCl whieh contains 0.1 per cent oxalyldihvdrazide. Mix, and let set at 
room temperature for 10 minutes. 

2. Add 1.0 ml. 20 per cent trichloracetic acid, mix well with a thin stirring rod, cove 
the tube with Parafilm, let set at room temperature for about 5 minutes, at 
centrifuge rapidly for 15 minutes. These 2 steps have been shown to quantit: 

tively extract copper from its combination with the serum proteins.4 

With each set of unknowns carry through the entire procedure 2 water blank at 


» 


1 standard tube (2.0 we Cu/mi. 


) 


t+. Into test tubes which contain a pinch of citric acid crystals, pipette 2.0 ml. of t 
clear supernatant fluid from each blank, standard, and unknown, and agitate 
dissolve the crystals. 

5. To 1 of the blanks add a pineh of EDTA. Do not add EDTA to the other blan| 

6. In all tubes mix 0.50 ml. ammonium hvdroxide and 0.50 ml. cold acetaldehy 
solution, in that order. 

7. Allow the tubes to remain at room temperature for at least 30) minutes, the 
determine the absorbancies at a wave length of 542 my against the blank conte 


ing the EDTA. The eolor is stable for at least several hours. 


Calculations. 
(Absorbance unknown Absorbance blank 200 Ee em 
Absorbance standard Absorbance blank 


The net absorbance value of the divisor in this equation averages 0.185 + 0.002. 
RESULTS 
The lavender complex conforms to Beer's law at 542 mie in coneentrations 


copper up to 5 pe per 8 ml. of final volume. The reproducibility obtained 


multiple determinations on a given serum was studied by analysis of 10 aliquc s 
each of 2 pooled sera. The mean standard deviation was 2.5 pe Cu per 100 
of serum. As a further measure of the precision of the method, 25 sera w 
analyzed in duplieate. The standard deviation of a single determination vs 


*Baker Analyzed reagents were found to be satisfactory for Reagents 2, 4, 6, and 7 
*+Pyrocell Manufacturing Co., New York 28, N. Y,. 
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TABLE I. RECOVERIES OF ADDED AMOUNTS OF COPPER TO HLLUMAN SERA 


(Cu FOUND 


ORIGIN ATI Cu FOUND 
SPECIMEN Cu ADDED AFTER ADDITION RECOVERY 
uG Cu ua Cu wG Cu wa Cu 

SERUM 100 ML. 100 MIL. LOO Mid.. 100 ML. Y// 
l IS4 10 193 q ay 
PA 150 »4) 169 14 =) 
3 a) a0 117 rf | m0) 
i 1333 10) re 14 110 
» 42 $1) POD FB So 
th) 12] ou 171 50 hoo 
7 16 60) ~18 5 87 
S 195 Sv) YR] S6 107 
146 su 22) 7) 94 
10 145 100 247 102 102 
1] 146 100 !4Q 103 103 
Lz 121 140 258 137 OS 
Mean 95 


ug Cu per LOO ml, and the average difference between duplicates was 2.0 
x. Data on the recovery of various amounts of copper added to human sera 
are summarized in Table 1. The mean over-all recovery of 95 per cent is quite 
satisfactory considering the relatively small amounts of copper added to most 
of the sera. Values obtained with the proposed method were compared with 
those obtained with the widely used carbamate proeedure of Gubler and co- 
vorkers. Typieal data shown in Table IL illustrate that, within experimental 
error, identieal results are obtained with both techniques. Gubler’s method, 
owever, IS not as sensitive or as easy to perform as the proposed one. 
Serum copper levels, obtained with the new method in both normal sub- 
ets and in patients with a variety of clinical conditions, have been found te 


‘LE LL. COMPARISON OF THE PROPOSED AND THE GUBLER METHODS FOR THE DETERMINATIO 
OF SERUM TOTAL COPPER 


PROPOSED METHOD GUBLER’S METHOD 
SERUM Cu, waé/100 ML. Cu, 46/100 ML. DEVIATION (&% 
l 140 134 45 
” 1s) 102 5 1.0 
3 136 121 t 22 
} 145 128 1.2 
a 143 136 5.0 
6 123 123 0.0 
7 11s 119 5.0 
S 162 160 2 
9 133 143 7.0 
10 134 130 + 320 
1] 167 77 5.6 
12 146 151 3.4 
13 194 19] Lo 
14 183 173 + 39 
15 140) 140 O.0 
16 10S 106 1 
\7 145 1d 6.4 
IS 140 151 1.2 
19 1S4 179 2.9 
0 158 17 8.7 


Mean + 0.6 
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with published data.” The mean serum copper of LO normal males was 
96 ng 100 ml. (range, 70 to TIS), and the mean for 9 females was LOO ne, LOO 
ml. (range, S87 to LIT). In line with previous reports, high serum copper levels 
have been found with this method in a number of conditions including preg 
naney, acute infections, myocardial infarction, cirrhosis, rheumatoid arthritis, 
rheumatic heart disease, and various inflammatory states. A serum copper 
level of 56 pe 100 ml. was found in the one patient with Wilson’s disease 
available to us during this preliminary study. A study involving certain 


clinical aspeets of copper metabolism will form the basis of a subsequent report 


DISCUSSION 


The oxalvidihvdrazide method for the mnicrodetermination of copper is 
extremely simple when applied to serum. Small variations in the amounts of 
reagents do not affect the color intensity. Since EDTA prevents the de- 
velopment of color, it cannot be emploved as an anticoagulant to obtain 
plasma. This ability of EDTA to prevent color formation explains its role in 
the reagent blank tube against which all other absorbancies are read. Citric 
acid is added to prevent possible interference from other metals, notably iron 

This procedure can also be applied to tissues or urine by use of a wet acid 
digestion process. With this modification where hydrochloric acid (Reagent 2 
is not used to release protein-bound copper, the oxalyldihydrazide is intro 
duced into the system by saturation of the concentrated ammonium hydroxid 
with this reagent. Such oxalyldihyvdrazideammonia solutions should be pre 
pared daily, since, in contrast to Reagent 2, they slowly lose color forming 
ability. 

SUMMARY 


A rapid, quantitative, and precise spectrophotometrie method for thi 
determination of serum total copper with the use of oxalvldihvdrazide as 
sensitive color reagent is presented. The method is applicable to tissue an 
urine analysis by use of a wet acid-digestion process, Serum copper levels 
obtained with the proposed method in both normal subjects and in subject 


with a variety of disease states agree with published data. 
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AN INEXPENSIVE CONTINUOUS GLASS DISTILLATION APPARATUS 


IlenrY TPNKLEY AND GEORGE KE, GIirroRp, Pu.d. 


(ZAINESVILLE, FLA. 


ANY procedures require water of a high degree of purity best obtainable 
M With an all-glass distillation apparatus. To our knowledge the only eon 
tinuous glass still commereially available is one which has a constant leveling 
deviee which necessitates a continuous flow of water and the excess is wasted.* 
Such an apparatus is not economical if the still is being emploved for seeond 
or third distillation. We should like to report on a continuous glass distillation 


apparatus Which is eeonomical and stmiple to construet. 
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SCHEMATIC DIAGRAM OF THE APPARATUS 
Fig. 1 


DESCRIPTION OF THE APPARATUS 


For our purpose we glass-distill water which has previously been distilled 

a conventional copper still and subsequently passed through a demineral- 
The still, as shown schematically in Fig. 1, is a 2 L. round bottom 
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Pyrex flask with three standard taper 24 by 40 glass outlets.* The outlets 
are used for input of water, output of steam to condenser, and for the platinum 
conduetivity bridge. All connections are Pyrex glass. The eondenser is a 
Liechig type with standard taper joints at beth ends.’ The condenser is con 
nected to the flask through a Kjeldahl connecting bulbt which acts as a spray 
trap. The level of the water is controlled with the conduetivity bridge whieh 
is connected to a sensitive relay. The relay, when opened, activates a solenoid 
valve|! which permits passage of water through the demineralizer and into the 
vlass still via polvethyvlene tubing. The polvehylene tubing is connected to 
the flask with a ground glass joint. As a precautionary measure, the opened 
relay also shuts off the current to the heating mantle. The relay, when elosed 
ie. When the conductivity bridge is immersed in the water and permits 
passage of a current), shuts off the solenoid and activates a second relay (powet 
relav) whieh in turn controls the current to the heating jacket** through a 
Powerstat) variable transformer.** The variable transformer controls the 
amount of voltage to the heating jaeket and necessitates the installation of thi 
power relay since it is an induetive type of control. The variable transtorme: 
and the power relay are not necessary and the heating mantle ean be connected 
directly to the control relay. All of the components for the apparatus wer 
commercially obtained exeept for the conductivity bridge. The conductivity 
bridge was made by using 0.016 ineh diameter platinum wire which was sealed 
into a ground glass joint® with a flame exposing approximately 1g inch ot! 
wire outside the seal. The appratus delivers 7 L. per day of water of a hig! 


degree of purity. 


SUMMARY 


An all-glass continuous still, whieh is economical and simple to construct 


and which vields water of a high degree of purity, is described. 


*FCorning, Cat. No. 93555 

‘Corning, Cat. No, 2400 

tCorning, Cat. No. 90750 

$Fisher Transistor Relay, Model 30, 115 volt, 50/60 eyele Fisher Scientific Co., Pit 
burgh, Cat. No. 13-991-75. 

Type 2P2, Jakes-Evans Manufacturing Co., St. Louis 

"Corning, Cat. No. 6710 

**Powerstat variable transformer, Superior Electric Co., Bristol, Conn 








